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ABSTRACT
Many new complexes of tri- and tetra- valent lanthanide 
ions and divalent calcium with Schiff bases have been synthe­
sised and their properties investigated by chemical analysis, 
infra-red, visible, and ultra-violet absorption spectroscopy, 
X-ray powder diffraction studies, and molar conductance and 
magnetic susceptibility measurements.
The Schiff bases, which were mainly derivatives of sali- 
cylaldehyde and primary amines, formed complexes in two ways. 
In the first, the phenolic hydrogen atoms were un -ionised 
and the base behaved as a neutral ligand whilst in the second, 
the base reacted in the usual way as an anion.
For the trivalent metal ions, complexes of the following 
types were obtained
1. Ln(L)Cl^.nH^O and La(Hsal-ane)Cl^.2EtOH.
(Ln=Ce,La; n=1 and 2; 1=NN^ethylenebisCsalicylideneimine) 
(H2salen) and N N !-1,3-propylenebis(salicylideneimine) 
(H2sal-1,3pn); N-salicylideneaniline (Hsal-ane); 
EtOH=ethanol).
2. Ln2(L)^Xg.nH20 .
3. Ln(L)2X^ .nH20 and la(Hsal-ane)2 (NO^ )-* .2EtOH.
4. Ln(L)^X^.nH20 ,
(Ln=La,Ce,Pr,Nd,Sm,(jd,Ho,Yb; X=Cl’’,Br~,RO-~; L=Hpsalen, 
H2sal-1,3pn, N N f-1,2-propylenebis(salicylideneimine) 
(H2sal-1,2pn), NN ?-1,6-hexylenebi s(salicylideneimine) 
(H2sal-1,6hex), and Hsal-ane ; n-0 - 2).
A few exceptions are discussed in detail, in Chapter 2.
New series of complexes with tetravalent cerium with 
ionised and un-ionised Schiff bases of formulae below have 
been synthesised:-
5. Ce(l')2 ,
6 . Ce(X,)2(H03)4.H20 
/ 1(L = the ionised Schiff bases:
NN f-1., 2-pro pylenebis (salicylideneiminate) (sal-1,2pn),
N N !-1,3-propylenebis(salicylideneiminate) (sal-1,3pn),
N N f-ethylenebis(3-methoxysalicylideneiminate) (3-methoxy- 
salen),
N N f-ethylenebis(5-nitrosalicylideneiminate) (5-nitrosalen) 
N N 1-1,2-propylenebis(5-nitrosalicylideneiminate)
(5-nitrosal-1,2pn),
UN*-1,3-propylenebis(5-nitrosalicylideneiminate) 
(5-nitrosal-1,3pn) and L=H2salen, H2sal-1,2pn, H2sal-1,3pn 
and'H2sal-1,6hex)•
Calcium complexes of the types shown below have been 
isolated:-'
7. Ca(L)X2.nsolvent,
8. Ca(L)2X2.nsolvent
(n=0 - 2; solvent = H20 or ethanol; L=H2salen, H2sal-1,2pn, 
H2sal-1,3pn, and H2sal-1,6hex and X-Cl” and NO^ ).
On the basis of the infra-red spectroscopy it was con­
cluded that the un-ionised ligands behave as bidentate species
with coordination taking place through the azomethine nitrogen 
atoms and not through the phenolic oxygen atoms. The ionised 
bases behave as tetra-dentate ligands in the well-established 
manner. There is evidence for coordinated nitrate in all the 
lanthanide nitrato- complexes.
Far infra-red spectroscopy has shown the presence of 
the coordinated halide in some of the lanthanide complexes.
The coordination numbers of a series of neodymium(III) 
Schiff base complexes have been deduced through the hyper­
sensitive transitions observed in the visible region of the 
absorption spectrum by comparison with the spectra of complexes 
of known structure. The coordination numbers of the lantha­
nide complexes are probably 8 or 9 in the halide complexes 
and between 10 and 12 for the nitrates. The calcium complexes 
may have coordination numbers between 4 and 6.
Furthermore, the X-ray powder photography has shown the 
complexes to be true compounds and not simple mixtures. Iso­
morphism was found in some cases for the trivalent lanthanum 
and neodymium complexes. The conclusions were consistent with 
those obtained from the other measurements.
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Chemical Abbreviations
H 2salen N N !-ethylenebis(salicylideneimine).
salen N N *-ethylenebis(salicylideneiminate).
H2sal-1,2pn N N !-1,2-propylenebis(salicylideneimine).
sal-1,2pn NN'-1,2-propylenebis(salicylideneiminate).
H2sal-1,3pn N N ’-1,3-propylenebis(salicylideneimine).
sal-1,3pn N N !-1,3-propylenebis(salicylideneiminate).
H2sal-1,6hex NN'-1,6-hexylenebis(salicylideneimine).
Hsal-ane N-salicylideneaniline.
3-Methoxy-
salen
N N ,-ethylenebis(3-methoxysalicylideneiminate).
5-Nitrosalen NN!-ethylenebis(5-nitrosalicylideneiminate).
5-Nitrosal- 
1,2pn
NN f-1,2-propylenebis(5-nitrosalicylideneiminate)
5-Nitrosal- 
1,3pn
NN *-1,3-propylenebis(5-nitrosalicylideneiminate)
salphen Njj1 -o-phenylenebis ( sali cylideneiminate ) .
dipy 2,2 '-dipyridyl.
EDTA4" Anion of ethylenediaminetetraacetic acid.
DME Dimethylformamide.
DMSO Dimethylsulphoxide.
EtOH Ethanol.
Ln A lanthanide element.
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Abbreviations used in Figures and Tables.
B.M. ........ Bohr magneton.
y......  .. Effective magnetic moment.
........ Atomic susceptibility.
6 ........ Weiss constant.
R.T...... . Room temperature.
L.N.T. Liquid nitrogen temperature.
O.D. ........ Optical density.
d.......   .. d-spacing.
I •••••••• Intensity.
s ........ Strong.
b........ ...  Broad.
m .. . Medium.
sh...... .. Shoulder.
w  ... Weak.
v  .. Frequency.
v  .. Very.
T° ... Absolute temperature.
A .«*..... Molar conductance.
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1:1 General Chemistry of the Lanthanide Elements.
Although, it is nearly two hundred years since the 
discovery of the lanthanide elements, the chemistry of the 
lanthanides has expanded rapidly only in the last few 
decades. This progress can he in part attributed to the 
development of satisfactory techniques for their separation 
and isolation and to the occurrence of lanthanide elements 
as fission products.
The lanthanides are the fourteen elements following 
lanthanum in which 4f electrons are being successively added 
to the lanthanum configuration. The 4f elements and lanthanum 
are closely related in their chemical properties and because 
of this are termed lanthanides. Table 1.1 presents some
(1)principal characteristics of the lanthanide atoms and ions. '
(2)
The general behaviour of the highly electropositive 
lanthanide elements is intermediate between the very basic 
alkaline earth metals and the weakly basic aluminium.
Some standard reduction potentials for some of the lan­
thanide ions and other metal ions are given below.
E°(volt)
la5+ + 3e v 1 -:"b la -2.52
lu5+ + 3e — — ^  Lu -2.25
Al3+ + 3e - ....>  A1 -1.66
Cs+ + e ^  Cs -3.02
Ca + + 2e ,'N  ^  Ca -2.87
Ba”1* + 2e ^  Ba -2.50
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The sum of the first three ionisation energies of the 
(?,)
lanthanide elementsw 7 is compared with some of the d- 
biock elements and aluminium below
KJ mol-1
lanthanides 3,500 - 4,200
Chromium 5,630
Cobalt 5,230
Aluminium 5,140
Thus, the lanthanides are more electropositive than 
the d- transition elements and aluminium,
1:1;1 Electronic Configuration and Oxidation States.
Studies of the atomic and molecular spectra of the 
lanthanides have established that the 4f electrons are 
not added regularly from cerium to lutetium and that two
-1 1 9
types of configuration appear: A - 4f 5d 6s and 
B - 4fn6s^ (see Table 1.1). As regards the variation 
in the energy difference between these two types of arrange­
ments there appears to be a special thermodynamic stability 
associated with an empty (4f°)9 half-filled (4f^) and filled 
4f shell (4f^). The same effects are observed for the 
bipositive ions and in the case of the trivalent ions for 
which the 4f orbital is more stable than the 5d shell this 
effect disappears. This extra stability is due to the quan­
tum-mechanical electron exchange energy.
- 16 -
Certain lanthanides exhibit variable oxidation states
O  t A
(+2,+3 ,+4) but the In and In states are always less 
stable than In .The tripositive ions are formed by
p 1
removing the 6s pair and either a 5d or a 4f electron.
The most stable ln^+ and Ln^+ species are formed by elements 
which can acquire 4f°, 4f^ or 4 f ^  configurations.^^
Ce^+ (4f°) is the only tetravalent and Eu^+ (4f^), Sm^+
CL O  _i_ A A
(4f ) and Yb (4f ) are the only divalent species which
exist both in aqueous solution and in the solid state.
Some formal reduction potentials for these states in 
solution are shown below:
E°(volt)
Ce4+ + e ■ X  ce3+ +1.70 (1M HCIO^)
Pr and Tb not determined but estimated to be > 2
Eu5+ + e X  Eu2+ -0.43
Sm3+ + e X  Sm2+ -1.55
Yb5+ + e ^  Yb2*1* -1.15
Por other divalent ions E has been estimated to be 
> -2. Pr4+ (4f1)» Nd4+ (4f2), Tb4+ (4f7) and the rest of 
the divalent ions are found only in the solid state.
Although we mentioned the extra stability for the
o 7 14*4f , 4f and 4f configuration, the fact that no species
such as Tm+ (4f14), ■ Sm+ (4f7) , Pr5+ (4f°) and Nd6+ (4f°)
exist make this argument less convincing and there may be 
other thermodynamic and kinetic factors which have a 
greater importance in determining the oxidation state.
- 1-7 -
3+The extra stability associated with Ln ion in
solution and in the solid state is due to the balance
between hydration, lattice and ionisation energies. The
3+standard reduction potential data of the Ln ions in 
aqueous systems are given in Table '1.1.-From the standard 
potential data of the lanthanide ions summarized earlier 
it is apparent that the elemental lanthanides are very 
strong reducing agents and that oxidation to tripositive 
states occurs readily. The stabilities of empty and half- 
filled and completely filled 4f configurations are also 
indicated by the data from which one could conclude that 
Ce^+ (4f°) is a weaker oxidising agent than Pr^+ (4f^). 
Furthermore, the Eu^+ (4f^) and Yb^+ (4f^) ions are the 
weakest reducing agents of the divalent species. The 
abundance of 4f° (LaJ+,Ce^+ ), 4f^ (Eu^+ ,Gd^+ ,Tb^+ ) and 
4f14 (Yb^+ ,j,u^ + ) species support this general relationship.
1:1:2 The Lanthanide Contraction.
An important feature is that the filling of the 4f 
orbitals through the lanthanide series (La - Lu) causes a 
steady contraction in atomic and ionic size. This is due 
to imperfect shielding from the effects of nuclear charge 
of one 4f electron by another in the same subshell. This 
causes a redu.ction in size of the entire 4f shell and 
also a shrinkage in the radii of the atom and the ions.
This overall shrinkage is called the lanthanide contrac­
t i o n . ^
3+It should he noted that the radius of La (Z=57) is 
about 0 .182 larger than that of Y^+ (Z=39) so that if the 
fourteen lanthanide elements did not intervene we might 
have expected Hf^+ (Z=72) to have a radius nearly 0.22 
greater than Zr^+ (Z=40). But because of the effects of 
the lanthanide contraction the atomic radii of Zr and Hf 
(1.45 and 1.442 respectively) and the ionic radii of Zr^+ 
and Hf^+ ions (0.74 and 0.752 respectively) are virtually 
identical. This has the effect of making the chemical beha­
viour of the two elements extremely similar. Prom the data
2+ 4+available for the Ln and Ln ions parallel contraction 
also occurs in these series of ions. The magnitude of the lan­
thanide contraction is such that the crystal radius of 
the Y^+ ion is reached at the Er^+ ion (Y^+=0.882,Er^+=0.882). 
This similarity in size and the equality in ionic charge 
accounts reasonably well for the similarity of yttrium with 
the heavier lanthanides in many chemical and physical 
properties.
The lanthanide contraction is responsible for the
small variation in some of the properties associated with
a given oxidation state. Regarding tripositive ions^^
as the size of the metal ion decreases (a) the basicity
would be expected to decrease, with the more highly 
4*
charged Ce ion being less basic than any tripositive 
ion, (b) decrease in coordination number with a given 
ligand, (c) decrease in thermal decomposition temperature 
of the salts of oxy-anions, (d) increase in the thermo­
dynamic stability of a given type of compound with a few
exceptions, (e) alteration in solutility of the salts, and
(f) decrease in the ease of oxidation of the metals as 
measured by the reduction potential (see Table 1.1).
. 1
1:1:3 Nature of the Metal Ions.
Passing along the lanthanide series, with decreasing 
ionic radius resulting from the lanthanide contraction and 
with increasing ionisation energy of the atom, the 4f 
electrons behave more and more as a part of the core and 
in particular when the atom has a charge of +3. Consequently 
the trivalent lanthanide ions are similar in their general 
chemistry. Throughout the series the number of valence 
electrons is constant, the added 4f electrons so screening 
the valence electrons that the 6s and 5d orbitals hardly 
change in energy along the series, thus the first ionisa­
tion energy remains approximately constant throughout the 
series.
The 4f orbitals are deeply buried in the atoms and 
the ions of the lanthanides and are more affected by the 
effective nuclear charge than any other orbitals (e.g. 6s, 
6p,5d). Therefore the 4f electrons are shielded from the 
environmental effects on the cation by the overlying 5s 
and 5p electrons. This also makes the chemistry of the 
lanthanides homologous.
However any electrons donated by ligands into the 
6s,6p or 5d orbitals are more penetrating than the elec­
trons in the 4f shell and will penetrate beneath the 4f 
shell and are thus poorly shielded by the 4f electrons 
so that these electrons are more affected by the effective 
nuclear charge. This behaviour which is determined by the 
radial properties of the wave function, together with the 
lanthanide contraction brings a greater covalent character 
in compounds of the later members of the series. This 
greater tendency to covalency for the heavier lanthanide 
ions arising from the nature of the 6s,6p and 5d orbitals 
is much greater than would be expected from the increased 
Z/r ratio due to the lanthanide contraction.
1:1:4 Type of Acceptor.
Acceptors are of two well-defined types: (1) Class A 
acceptors (hard acids) are those which form their most 
stable complexes with ligands in which the donor atom is 
the first member of groups VB, VIB, VIIB of the periodic 
table i.e., N, 0, or E (as measured by thermodynamic 
stability constants) and (2) Class B acceptors (soft acids) 
are those which form their most stable complexes with 
ligands in which the donor atom’ is in the second or sub­
sequent member of the groups VB,VIB,VIIB, i.e. P,S or Cl 
etc.
The coordination affinities of the donor ligands are
(6)generally as follows.' '
Group Class A Class B
V N >> P > As > Sb > Bi N << P > As> Sb > Bi
VI 0 >> S > Se > Te 0 << S ~ Se » Te
VII P >> Cl > Br > I P << Cl < Br < I
The alkali and alkaline-earth metals and the other 
electropositive metals such as the first row transition 
elements in high oxidation states, the lanthanide and 
actinide elements have class A characteristics.
To a certain extent hardness in an acceptor can be 
thought of in terms of its acid strength, thus for a given 
metal ion hardness increases with oxidation number i.e.
The highly electropositive lanthanide ions and their 
complexes have class A characteristics and are predominant­
ly ionic as a direct consequence of large ionic radii and 
those involving the most electronegative donor ligands 
such as oxygen and nitrogen are the best characterized. 
There is only a small tendency for other than ionic 
bonding with it -bonding ligands as evidenced by the
t n  q \ ( q \
cyclopentadienylv ' ' and cyclooctatetranylv ' derivatives 
of the lanthanides which are ionic salts.
Ce4+ > Ce5+, Eu 5+ > Eu2+ and Pt4+ > Pt2t
1:1:5 Magnetic Properties of Trivalent Lanthanide Ions.
The 4f electrons responsible for the paramagnetic 
moments and visible and near infra-red, electronic tran­
sitions of the lanthanide ions are effectively shielded 
from the external field by the 5s and 5p electrons and 
from environmental effects on the ions or the atoms by 
overlying 6s.6p and 5d orbitals. This causes the spec­
troscopic and magnetic behaviour of these ions in their 
compounds to shew only a small variation from the free 
metal ions.
The spin (s) and angular (L) momenta approximate 
fairly well to the Russell-Saunders (RS) coupling scheme 
which in general becomes less useful as atomic number 
increases.
The crystal field effects are quite small in contrast 
with the d-block elements, therefore orbital angular 
momentum is not quenched and the magnetic moments of most lan­
thanide ions correspond to the value calculated from 
the combination of the spin and orbital contributions.
The spin-orbital coupling constants are quite large 
( ~ 2500cm~^) with the exception of Eu^+ and Sm^+ and 
this interaction breaks up the degeneracy of L and S 
combinations into new states characterised by J. The total 
angular momentum is given by
J = (L+S), (L+S-1), (L-S-2), . . . .  (L-tf). All of the 
lanthanide ions are characterised by a ground state
^ + ^RSt with a well defined single value of J . Depending 
on the value of L(=0 ,1,2 ,3 ,4, . . . .) various states with 
the symbols S,P,D,P,G, . . . .  are introduced into the 
energy diagram according to Hund*s rules: (A) The ground 
states will have the highest value of spin multiplicity>
(B) As there are several states which have the same 
multiplicity the most stable one will be that which has 
the highest value of L, (C) The energy of the states 
derived from a particular value of L will increase as the 
value of J increases, this is true for those states which 
are derived from less than half-filled f shell configu­
rations whilst for more than half-filled f shells the 
rule is reversed and the lowest energy results from the 
highest J value. The energy of the first excited state 
( A J=+1) is usually much greater than the energy kT and
the state is not essentially populated by electrons except
3+at high temperatures. The exceptions to this are Sm and 
3 + 3 +Eu . Sm has the first excited state very close to the
ground state and is populated at room temperature and in 
3+Eu the first, second and third excited states are very 
close to the ground state and also populated at room 
temperature (see Pig. 1.1). This means that a Boltzman 
distribution across these states must be introduced in
order to calculate the observed susceptibilities for Sm^+
3+ 3+ 7and Eu . POr Gd with 4f configuration and the ground
8state S7/2 (E=0) the magnetic moment will have the spin- 
only value of 7.94B.M. which is very close to the magnetic
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1.1 Term Schemes for some Trivalent Lanthanide Ions;
3+ ' 3+Sm and Eu with J States the same Order or less 
than kT, Pr^+ and Tb with J States largely 
separated compared with kT.
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3+moments observed for Gd compounds. With less than 
seven f electrons the spin and orbital components oppose 
each other while with more than seven f electrons the 
two components reinforce each other, therefore the lantha­
nide ions in the first half of the series have much
smaller magnetic moments than those in the later half.
3+ 6 7For Eu with the 4f configuration and ground term Fq
(S=3, L=s3, J=0) it might be expected that the spin and
orbital components would completely cancel each other
and the effective magnetic moments would be zero. However
this is not observed due in part to the second order
Zeeman effect.
H u n d ^ ^  suggested that in order to calculate the 
magnetic moments of the lanthanide ions all three quan­
tum numbers L,S and J of the ground state should be 
necessarily considered. The equation with such a relation­
ship is given by
x = N w /3kT 
where v = g\|j(J+1) (1)
and g is the Lande factor and is given by
J(J+1)+S(S+1)-L(lrt-1) .
" 2J(J+1)
The results obtained from the above equation are in
good agreement with experimental values with the exception
of Sm>+ and Eu^t
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(11)Van Vieck and Frankv ' have made a correction to
the above formula for the thermal population of low-lying
excited states and for the second order Zeeman effect to
3+ 3+obtain expressions which are useful even for Sm and Eu , 
Tor Sm5+: -
0.1241 2.14y+3.67+(42.9y+0.82)e"7y+(l4y-0.33)e“16y+ ___
M ~ •
yT 3+4e y+5e y+.......
(2)
For Eu^+
XM = 0.1241 t 24+(13.5 x -1 .5)e~x-t-(67.5x-2.5)e~3x+(l99x-3.5)e~6x+
(3)
xT 1+3e-x+5e-3x+7e“6x+ ......
where y and x are respectively 1/55 and 1/21 of the. ratio
(12)of the overall multiplet width to kTv.
Table 1.2 shows the ground terms and typical room 
temperature magnetic moments which are observed and cal­
culated for lanthanide ions. Contrary to the prediction 
of equation (1) the moments of these ions are temperature 
dependent. Most of the lanthanide ions obey the Curie- 
Weiss law with appreciable values of 0 (except for Gd 
which has been mentioned earlier). The fact that the 
observed room-temperature magnetic moments are in a good 
agreement with those predicted by the above formula is
purely fortuitous. When measurements are made at lower
( A 3 )temperatures this coincidence is not observed.
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Table 1 .2 Magnetic Moments of Tripositive Lanthanide Ions 
at Room Temperature.
ln5+ 4fconfiguration
Ground
state
lande
factor
"e
calc.
v e 
obs.
la 4f° 1so
0 0
Ce 4f1 2f5/2 6/7 2.54 2.46
Pr 4f2
V 4/5
3.62 3.48-3.60
Nd 4f5 4j9/2 8/11 3.68 3.44-3.65
Pm 4f4 4 3/5 3.83
—
Sm 4f5 6h 5/2 2/7 1.55-1.65 1.54-1.65
Eu 4f6 7P*0 1 3.40-3.51 3.32-3.54
Gd 4f7 8q7/2 2 7.94 7.90-8.00
Tb 4f8 7P*6 3/2 9.72 9.69-9.81
Dy 4f9 6h 15/2 4/3 10.63 10.40-10.6
Ho 4f10 5l8 5/4 10.60 10.40-10.7
Er 4f11 4-r15/2 -.6/5 9.59 9.40-9.50
Tm 4f12 3«6 7/6 7.57 7.50
Yb 4f13 2p7/2 8/7 4.54 4.30-4.50
lu 4f14 % 0 0
The reason why they are temperature dependent is 
mainly due to the ligand field effects which split the 
electrostatic energy levels into various components 
separated by an energy which is less than kT (see Pig.1.2). 
As the temperature of the measurement changes the thermal 
population of these low-lying states will change thus 
the magnetic moments of these metal ions vary with tempe­
rature .
1:1:6 Electronic Spectra of Trivalent Lanthanide Ions.
2
The interel'ectronic repulsions e /r and interac­
tions between the electrons and the surroundings 
central metal ion both influence the relative energies 
of the 1 and S terms and cause splitting. Because of 
the effectively shielded nature of the 4f orbitals from 
the external field the order of these interactions for
4f electrons is different from d-elements and 5f metal
(14) ions.v .
3d elements e^/r - V , > X L.S - V. , ^  > kToct tetrag
2
4f elements . e /r > . X jj.S. > VQc^ - kT
5f elements e2/r > X L.S. - ^ > kT
where r=ionic radius, e=electronic charge, VQ Q the 
octahedral crystal field potential, X L.S.=spin-orbit 
coupling parameter and -^|;e-tra<r='toie tetragonal crystal 
field potential.
Fig.1,2 Energy Levels due to Electrostatic
Spin-Orbit and Crystal Field Interaction 
in Pr^+
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For the trivalent lanthanide ions the largest pertur­
bations on the l/S states are caused by spin-orbit inter­
action and the ligand field effects. The ligand field
effects remove the degeneracy of the various J states of
(15)the free ion by an amount which is comparable to kT' 7 
— 1(kT=205cm“ at room temperature), (see Fig. 1.2) which is 
much smaller than the energy separation between two states 
except for Sm^+ and Eu^+ (see Fig. 1.1),,
Because of the small ligand field effects ( A of
the order of 10 to 1000cm ) the absorption spectra of 
5+the in ions in an external crystal field is caused by
the electronic transitions of the unpaired 4f electrons
between various J states giving rise to groups of sharp
lines with a half-width of only a few cm . The bands in
the complexes which correspond to the transitions between
J states are split into a number of small components with
-1 -1energy separation in the order of few 100cm and 10cm
half-width. The splitting depends upon both the strength
and the symmetry of the crystal field and thus upon the
symmetry of the complex. Since the effects of the ligand
field are small the lanthanide systems are considered in
terms of a point charge model with crystal field levels
determined from the assumed site symmetry using group
(16)theoretical techniques. 7
On comparing the absorption spectra of the lanthanide 
ion complexes with those of the corresponding hydrated 
cation some general effects are observed.
(A) Small shifts usually toward longer wave length,
(B) Splitting of certain hands into several components,
(C) Changes in intensities and the shapes of the specific 
absorptions. All of these changes which are probably 
related largely to the strength and the symmetry of the 
ligand field may be consequences of the small degree of 
covalent interaction. The displacement of certain absorp­
tion bands usually toward longer wave lengths is dependent 
upon a decrease in the magnitude of the interelectronic 
repulsion due to the expansion of the radial function of
partly-filled orbitals of the free metal ion. This is
(19 20)called the nephelauxetic effect ' * 7 and has been
observed in some of the complexes derived from the tran­
sition metal ions and is suggested as a measure of cova­
lency.
The nephelauxetic effects which are sensitive to
change of the ligand field have been noted in some of
the lanthanide complexes and are believed to be evidence
(21 22)of some degree of covalent interaction. 9 7
The effects of the symmetry of the ligand field could
change the intensity and the shape of certain absorptions
( 25 )which are called hypersensitive transitions 7 and this
has been noted for some Nd ,Er and Ho complexes
which may indicate the partial involvement of the 4f
orbitals in bonding and suggests that the covalent inter-
(24 25)action are important' 9 'in a complete description of 
of the spectra. Through these observations one could assume
that if the participation of the 4f orbitals in bonding is 
not substantial then at least a minor involvment of the 4f 
orbitals in a weak covalent interation cannot be excluded 
but on the other hand if the predominant interaction bet­
ween metal ion and ligand is electrostatic the participation 
of the higher energy orbitals such as 5d, 6s, 6p in covalent 
bonding also cannot be ruled out completely.
1:2 Coordination Humber and Stereochemistry.
As a direct consequence of large ionic radii (e.g.
Ce^+=1.03& and Cr^ "h=0.63&) lanthanide ions form compounds 
giving high coordination numbers. Compounds with coordina­
tion numbers 6,7»8,9>10 and 12 have been reported.(^>26)
(27)Bradley et al 7 have recently described the synthesis 
and characterisation of 3-coordinated lanthanide complexes. 
These are rapidly decomposed by water and must be handled 
under anaerobic and anhydrous conditions. This is exceptional 
for the coordination chemistry of the lanthanides and is due
/• -t
to the properties of the ligands.
Coordination number 4 has also been found^*^ in 
tetrakis(2,6dimethylphenyl)lutetate,Li(THF)^Lu(CgH^)^ with
tetrahedral geometry and is the only a-bonded organo- com-
(
pound for the lanthanides. The most common coordination 
numbers exhibited by the lanthanide ions are 8,9 and 10. This 
is in marked contrast to the transition metal ions where
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coordination numbers of 4 and 6 are common and higher
(29)coordination numbers are exceptional.
The stereochemistries of compounds containing high
coordination polyhedra have been the subject of several 
(30 31)reviews.v ’ 7 There are several factors which contribute
to the stabilisation of high coordination numbers in 
complexes. These are:-
A - The effective size of the central metal ion.
B - High formal charge on the metal ions.
C - Chelating effects.
(32)For ionic compounds Paulingv 7 has suggested that the 
more common eight coordination geometries (i.e. square anti- 
prism and dodecahedral) a cation/anion ratio of not less
than 0.67 is required for stabilisation. For anions with
o 2radii 1.3-1.5a (e.g. oxide(0 ”) and fluoride) eight coordi­
nation should occur in complexes with metal ions with radii 
exceeding 0.92. such as in the case with most of the lantha­
nide ions. This argument has been criticised by Lippard^^ 
on the following grounds:
A - The ionic radius is a function of coordination number 
and
B - The compounds in question are not purely ionic.
A second important factor which contributes to the 
stability of high coordinate complexes is a high formal 
charge on the central metal ion resulting from high oxidation 
states, for example, +3;+4 and +6 for heavy metal ions. This 
prevents the accumulation of excess negative charge on the
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central metal ion as a result of bonding with such a large
number of donor atoms. However, size decreases as formal
charges increases and this may off-set other effects to
6+such an extent that the metal ion M is unknown.
Monodentate ligands surrounding the lanthanide ions 
form- coordination polyhedra based upon either a trigonal 
prism or an octahedron.These polyhedra represent six coor­
dination but this is rare for the lanthanide ions and may 
be expanded to 7,8,9 by coordination of additional ligands 
or solvent through the square faces of the trigonal prism 
or by capping the octahedron. The trigonal prism and octa­
hedron are related structures and by rotation through 180° 
of either the top or the bottom faces they are intercon­
vertible .
The crystal structures of the simple salts of the lan­
thanides such as the anhydrous halides and oxides are deter­
m i n e d ^ ^  by the packing geometry of the ions. Owing to the 
variation in ionic radius throughout the series the halides 
of the earlier 4f elements often have a high coordination 
number. For example LaCl^, LaF^ and LaBr^ have hexagonal 
structures (UCl^ type) and are 9-coordinate. This falls to 
6 or 8 as the size of the lanthanide ion decreases and 
different geometries are thus found.
The crystal structure of the tetra-n-butylammonium salt 
of hexaisothiocyanatoerbium(lll) shows^-^ each erbium ion 
is N-bonded to six thiocyanate ions in an octahedral geometry
of 0^ symmetry. This is believed to be one of the few
6-coordinate complexes of the lanthanide ions which involve
only six nitrogen donor atoms. The crystals of the tetra-n-
butylammoniumhexathiocyanatolanthanide(lll) salts provide
excellent examples of ordered magnetically dilute lanthanide
ions of idealized 0^ symmetry. The magnetic moments of the 
3+Er complex is 9.48B.M. which is in good agreement with 
predicted value for an octahedral complex.
1:2:1 8-Coordinate Polyhedra.
Bidentate ligands often form 8-coordinate polyhedra 
of either square antiprismatic or dodecahedral geometry.
These structures can interconvert smoothly via an interme­
diate structure such as a distorted square antiprism. Since 
the crystal field stabilisation energies for In complexes
_ -j
are small (1.2KJmol ), there is very little difference in 
energy between these polyhedral arrangements.
3+Diketonate complexes of the In ions have coordination 
numbers 6,7 and 8 depending upon the number of ligands adducted.
3+The crystal structures for a series of the ln^ ions
with a given ligand show the shrinkage in ionic radii as
the 4f orbitals are filled (lanthanide contraction). As the 
3+size of the Ln ion decreases the inter- ligand repulsions 
in the coordination sphere increase and become large enough 
to make the structure energetically unstable. At this stage
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3+the coordination number of the Ln ion decreases and the 
crystal structure changes, for example in the anhydrous 
lanthanides chloride, LnCl^
Lanthanide Coordination Number
La - G-d 9
Tb,Ly 8
Ly - Lu 6
The crystal structures of La(acac)^.2H20 v ' and
Y b ( a c a c ) ^ ( a c a c = a c e t y l a c e t o n a t o )  complexes have
3+been reported. The La ion is surrounded by eight oxygen
atoms donated by three acetylacetonate groups and two water
molecules arranged at vertices of a distorted square anti-
34-prism. Whereas the smaller Yb ion is bonded to seven oxygen 
atoms contributed by three acetylacetonate rings and one 
water molecule with the capped trigonal prismatic geometry. 
This provides an example of how the lanthanide contraction 
can affect the coordination number.
The crystal structure of the hydrated praseodymium
chelate of 1 , 1 VJ 2,27,3,3-hepta-fluoro-7,7-dimethyl-4-6-octa-
dione, Pr2(fod)g.2H20 has been established. jjach Pr^+
3+ion is surrounded by 8 oxygen atoms. The Pr ions have 
different geometries, one is a bicapped trigonal prism and 
the other a dodecahedron. The dimer is linked through two 
carboxyl oxygen atoms as well as a water molecule. The other 
water molecule is found to be situated between two perfluoro 
side-chains. The structural data for 2,2^6,6-tetramethyl-
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3,5-heptanedione,Pr2(thd)g^°) has shown each Pr^+ ion is
seven coordinate and two of the oxygen atoms are equally
3+shared between Pr ions.
The complex, ammoniumJtetrakis(4,41,4n— trifluoro-1,1*- 
thionyl)-1,3~butanedionat^aquopraseodymate(lII), NH^Pr(tta)^.
has a monomeric 8-coordinate structure with dodeca­
hedral symmetry. Each ligand bridges adjacent vertices 
between two-orthogonal trapesoids in the dodecahedron.
Most of the structures found for 8-coordinate polyhedra 
with bi-dentate ligands are usually based on square anti- 
prismatic or dodechedral geometries rather than the trigonal 
prism.
The anions of carboxylate acids such as formate and
acetate have the possibility of being mono- or bi- dentate
The infra-red, X-ray and visible spectral data^2  ^ indicate
that the acetate ion may coordinate as a mono- or bi-dentate
or bridging ligand v/ith coordination numbers 6, 7, 8 and 9
3+depending upon the size of the In ion.
Recently the crystal structure of the 8-coordinate 
europium shift reagent, the pyridine adduct of tris(2,21,6,6f- 
tetramethyheptane-3,5-dionato) europium(lll), Eu(dmp)^(py)2 
has been published(43) .^e coordination polyhedron is
square antiprismatic with six oxygen atoms from three dmp 
groups and two nitrogen atoms from the two pyridine molecules; 
the compound has low overall symmetry.
The crystal structures'^ of the hydrated nicotinate 
•3  +
complexes of La and Sm ions with empirical formulae 
la2(C^H^NC02)g.4H20 and Sm(C^H^NC0^)g.4H20 show two 8-coor- 
dinate metal ions bridged by four carboxylate groups with 
the remaining two carboxylate groups chelated to the metal 
ions. Eight coordination about each metal ion is completed 
by two water molecules. The nitrogen atoms in the nicotinate 
groups are all hydrogen bonded and are not coordinated.
An interesting dimer based on edge-sharing dodecahedra
has been described^*^ for hydrated ammonium heptafluoro-
cerate(IV), (NH^)^CeE^.H20 . Each cerium ion is surrounded
by eight fluorine atoms to form a slightly distorted dode-
cadron. Two dodecahedra are joined along an edge to form
6—the centrosymmetric ion, (Ce2E^).*"
It has been suggested^^ that the cube might be a 
common stereochemistry for discrete 8-coordinate complexes 
of the actinide elements with mono-dentate ligands. As 
evidence for the stability of the cube it has been pointed 
o u t ^ ^  that the lanthanum coordination polyhedra in the
8-coordinate octakis(pyridine-N-oxide)lanthanum(III)perchlo- 
rate, La(C^H^N0)g(C10^) is a square antiprism largely 
distorted toward a cube rather than a dodecahedron. However 
more structural data on cubically coordinated metal ion 
complexes are necessary in order to assess the role that 
intermolecular packing forces play in determining polyhedron 
geometry.
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1 : 2 : 2  9-Coordinate Polyhedra.
The coordination number 9 is fairly common for the 
lanthanide ions. Only one idealised geometry has been 
established for 9-coordinate structures in contrast with 
hepta- and octa- coordination polyhedra where there are a 
number of geometries available. The nona-coordinate poly­
hedron, the tricapped trigonal prism has D ^  symmetry.
Structural data for In(BrO^)^ . 9 ^ 0 ^ ^  and Ln(C2H^S0^)^. 
9H20^®^ show that the coordination polyhedron is charac­
teristic of the ions ln(H20 ) ^ + having tricapped trigonal
prismatic geometries with Ln^+ ions surrounded by 9
water molecules; 6 water molecules at the corner of a tri­
gonal prism and a further three molecules situated out from
each prism face (see Pig. 1.3).
A comparison of the absorption spectra of the hydrated 
Nd ion in aqueous solution with the nine-coordinate Nd
ion in Nd(Br0^)^.9H20 shows a great similarity between the
3+ 3+aqueous Nd ion and the 9-coordinate Nd ion.
Hoard et al^*^' have suggested that the hydration number 
9 is common for earlier members of the lanthanide series 
and this falls to 8 for the later members.
La2(S0^)^.9H20^ 0  ^ has two forms of coordination geometry.
In the first, La" ion is surrounded by twelve oxygen atoms
3+of the sulphate groups and in the other the La ion coordi­
nates to nine oxygen atoms with six oxygen atoms coming from 
six water molecules and the remaining three oxygen atoms from
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three sulphate groups which gives a tricapped trigonal 
antiprismatic symmetry.
The crystal structures of K{ La (DDT A) (B^O) .5^0
and Nd(Tb(EDTA) (^0)^ }.511^0 have been (49) examj_ne^ j_n 
detail. In each compound the coordination number is 9 
involving four oxygen atoms and two nitrogen atoms from the 
EDTA^*" anion and the three oxygen atoms from coordinated 
water molecules.
( 51)Hoard et alw  ' have pointed out that in this anionic 
complex deca-coordination will prevail in solution; the 
evidence for this may come from the results of the crystal 
structure of the protonated analogue {La(HEDTA) . 4 ^ 0  } which 
has been shown to be ten coordinate with six donor sites 
from the EDTA anion and one water molecule lying at seven 
of the eight vertices required to define a dodecahedral 
geometry.
The stability of the tricapped trigonal prism is confirmed 
by the large variety of ligand combinations around 9-coordi­
nate metal ions for which this polyhedrohremains the best 
description.
Another example of a nona-coordinated compound which is 
believed to be the first example of 9-coordination involving 
only nitrogen donor atoms is the tricapped trigonal prismatic 
chelate tris(2,2 *,61,2"-terpyridyl)europium(III)perchlorate.(^2) 
There is a slight distortion from the idealised symmetry
because, of the non-planarity of the ligands.
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Recently the crystal structure of hydrated neodymium
oxalate, Ndp(c20^)^. 10,5H20 has shown^^ nine-coordination
with tricapped trigonal prismatic geometry with 9 oxygen
3+atoms surrounding a Nd ion with six oxygen atoms from 
three oxalate groups and three oxygen from coordinated water 
molecules. The C^v type of symmetry has been described for 
erbium oxalatetrihydrate, Er(C20^)(HC20^),3H20 with nine 
coordination, y
i
The coordination polyhedron about the praseodymium ion 
in Pr(terpy)Cl^. 8H20^^^ has been found to be a distorted 
mono-capped square antiprism involving three nitrogen atoms 
from the terpyridyl ligand, one chloride ion, and five 
oxygen atoms from water molecules. The mono-capped square 
antiprism can be generated from the tricapped trigonal prism 
with relatively minor distortion.
X-ray studies of Ce(CH^C00)^0.7H20^^^ and
K2 ( Ce(CH^COO)^ } .H20<57> have shown bridging and chelating
5+acetate groups in both compounds. The Ce ions are all
9-coordinate with an irregular coordination polyhedron.
1:2:3 10-Coordinate Polyhedra.
Reports of ten coordinate complexes in the literature 
to date have been confined exclusively to lanthanide and 
actinide metal ions.
This is not surprising, since a valence bond treatment 
of ten coordination would require the use of f orbitals 
(sp d f). In ten coordinate complexes f orbital overlap 
is very likely on symmetry grounds. The extent of the
/ CON
overlap, however, is purely speculative. Kettle and Pioliv '
report that f orbital participation in bonding to n symmetry
o 7related atoms is non-directional in the case of f ,f and 
f ^  metal ions and this may even be the case for unsymme- 
trically occupied f orbitals. Consequently the geometry in 
lanthanide complexes need not reflect the degree of parti­
cipation of f orbitals. The earlier members of the lantha­
nides and actinides are the most likely members of the 
series to accomodate deca-coordination. The tendency 
towards such high coordination would be expected to 
decrease with increasing atomic number.
Possible models for ten-coordinate polyhedra have
(59)recently been described by Al-Karaghouli and Wood' •
They considered three polyhedra, namely; (A) The bi-capped 
square antiprism (D^),(B) The bi-capped dodecahedron (D2) 
and (C) A polyhedra of C2v symmetry based on a dodeca­
hedron. These are generated from common polyhedra for 
octa-coordinate structures. These polyhedra are easily 
generated from the tri-capped trigonal prismatic geometry, 
the idealised model for 9-coordinate and the rearrangement
energy for any conversion should he small.
To date there are several ten-coordinate complexes(59) 
of the lanthanides known as in trinitratobis(dipyridyl)- 
lanthanum(lll) LaCdipy)^ (NO^)^ which has three bidentate 
nitrate groups and four nitrogen atoms from the dipyridyl 
ligands giving a bi-capped dodecahedron of symmetry.
(311La [HEDTA] ] .AHgO' 1 was discussed earlier and
Ce(NO^)^*" has a structure based on the trigonal bipy-
3+ramid with five bidentate nitrate groups around the Ce ion.
The crystal structure^^ of tri(nitrato) 1,2-bis(pyri­
dine- a -aldimino)ethanegadolinium(III) shows an irregular 
ten-coordinate polyhedron of Cy symmetry involving four 
nitrogen atoms from the organic ligand and six oxygen atoms 
from three bidentate nitrate groups.
( 62 1Lanthanum carbonate octahydratev , LaCCO^^.SI^O 
crystallizes in an irregular layer-type of structure in 
which the basic layer is formed by alternate rows of carbo­
nate ions and metal ions. The structure shows two distinct
10-coordinate metal polyhedra in which the coordination sites 
are occupied both by water molecules and by bidentate and 
uni-dentate carbonate ions. One-fourth of the water molecules 
are not coordinated to the metal ions and are situated 
between the layers.
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A coordination polyhedron near to'Cg^ symmetry has 
been described^^ for the arrangement of ten oxygen atoms 
around the Nd^+ ion in N d ( D M S O ) , (DMSO = dimethyl- 
sulphoxide) with bi-dentate nitrate groups but the smaller 
Er^+ ion in Er(DMSO)^(NO^)^ was found to be 9-coordinated.^^
1:2:4 12-Coordination Polyhedra.
Recently Bergman and Cotton^^"^^ have pointed out 
that chelating agents in which intra-ligand distances (bites)
are constrained to be very small (< 2.22) such as with
_ 2- 2-ion, SO^ ion. or O2 ion can give a higher coordi­
nation number for a metal ion than v/ould normally be possible 
(e.g. 8 for Co(ll) and 12 for Ce(lV)). In these cases the 
mid-points of the intraligand 0 ..... 0 lines are found to
be at the vertices of a common coordination polyhedra,
2 —e.g. the tetrahedron for { Co(NO^)^} and the octahedron 
for { Ce(NO,)g} 2T
lanthanum ion in the crystal lattice of lag ( S O p , . SJHgO
has a slightly distorted icosohedral (T^) symmetry with 
twelve coordinated oxygen atoms from sulphate groups. The 
smaller lanthanide ions failed to crystallise in this form.
Each Ce^* ion in the double salt Ce2Mg-^(N0^) ^  *24H20
is surrounded by twelve oxygen atoms from bi-dentate nitrate 
groups with distorted icosohedral symmetry. The same type of
structure, again based upon the bi-dentate nitraxe groups,
een 
(68)
2  —
has b found for the { Ce(NO^)g} ion in its ammonium
salt.
Pig. 1.3 Polyhedra "based on various Coordination Numbers.
Mono- Bi- Tri­
capped capped capped
Vl frX P  
6 7 8
Capped
octahedron
9
Trigonal prismatic polyhedra
I
1
1
1
1
****.«
Cuhe
Cube
Square antiprism
J*
Dodecahedron
Tri-capped trigonal 
prism
Bi-capped dodecahedron
Icosahedron
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Twelve coordination is limited to the largest cations 
with chelating ligands of very short bites such as NO^ *",
S0^_ , Co|" and C20^“.
Pig.1.3 shows some of the coordination polyhedra based 
upon a variety of coordination.numbers.
1:3 Coordination Chemistry.
The following characteristics are associated with the 
coordination chemistry of trivalent lanthanide ions
A - Large ionic radii.
B - Class A.
C - Kinetically unstable with respect to ligand exchange. 
D - Absorption spectra and magnetism in the compounds 
approximate to the free metal ion behaviour.
E - Salts soluble in polar solvents with some exceptions 
e.g. fluorides which have high lattice energies.
P -Nature of the metal-ligand bonding is predominantly 
electrostatic.
G- - High coordination number (see previous section).
H - Equilibrium constants largely determined by size,
charge on the metal ion, and the chelating properties 
of the ligands.
Stability constants of the various ligands with tri­
valent lanthanide ions in aqueous solutions are listed in 
Table1.3.
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The stability constants of the lanthanide ions with 
a given ligand increase as the ionic radius decreases 
with a few exceptionsv ' and, as expected, the stability 
increases for a given ligand as the oxidation state of 
the metal ion i n c r e a s e s ( e . g . ,  Ce^+ Ce^+ ; Eu^+ Eu^+ ).
The stability constants listed in Table1.3 are log^K 
values for the processes:
^  In(EBTA)- 
^  Ln(acac)^4*
—  ImX2+ (X = F.Cl.Br)
—  Ln(NO_)2+
J
—  ln(KCS)2+
1:3:1 Oxygen lonor Ligands.
The majority of the complexes that can be isolated 
from aqueous systems contain ligands with oxygen donor 
atoms.
In aqueous media there is competition offered by 
water molecules to other ligands and displacement of water 
molecules from the coordination sphere happens most readily 
when chelating ligands form complexes with sufficient 
thermodynamic stability.
Ln + EDTA 
T 3+Ln + acac 
Ln3+ + X- 
I>n3+ + NO"
J
Ln3+ + NCS"
Lanthanide ions form well-defined complexes with a 
variety of bidentate oxygen donor ligands such as the di- 
ke.tonates. The coordination chemistry of the lanthanide 
ions with ligands containing oxygen donors has been studied 
by Moeller et a l . ^ ^
Some of the complexes of the lanthanide ions involving 
common oxygen donor ligands are collected in Table 1.4.
1:3 s2 Nitrogen Lonor Ligands.
In the past few years many lanthanide complexes with
bi- and tri-dentate nitrogen donor ligands have been
reported. A recent review by Fosberg^^ and papers by 
(91)Poster et alw  ' describe the isolation of lanthanide com­
plexes containing nitrogen donor ligands.
The simple complexes with mono-dentate N-donor ligands
are generally very unstable and few such complexes can be
isolated from solution. The problem that arises for many
mono-dentate nitrogen donor ligands, especially the non-
aromatic ones, is the competition in the solution between
the nitrogen donor atoms and any oxygen donors that are
present and the precipitation of the lanthanide hydroxides
rather than a complex compound is frequently the preferred
( 5 )reaction in solution. Sinhav ' has demonstrated the necessity 
of thermodynamic stability for the formation of amine com­
plexes in aqueous solution to prevent hydroxide formation.
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Table 1 *4 Lanthanide Complexes wi-th Oxygen Donor ligands.
-r . j ' _ _ Coordina-Ligand Complex Reference
tion Number
Donor Containing P=0 group
Triphenylphosphine ln(l)^(N0^)^ 9 82
oxide (1) Ln(L)4(N03)3 10
In-la - Sm 
(except Pm)
Hexamethylphosphor- ln(l)3Cl3 6 83
amide (L) Ln(l)gCciO^)^ 6 84
ln=La - Er
Donor Containing As=0 group
Triphenylarsine ln(L)7(N03)3 85
oxide (L) Ln(L)^(N03)3
Ln=La - Sm 
(except Pm)
Donor Containing S=0 group
Dimethylsulphoxide (L) Ln(L)^(N03)3 10 86,63
ln=La - Gd 
jn(L)3(N03), 
ln=Ho - Yb"
ln 3 9 64
Donor Containing N=0 group
Pyridine N-oxide (L) ln(L)g(C10^)3 8 87,46
ln=La - Gd 
(except Pm)
Donor Containing C=0 group
$ -diketonate (L) Ln(l)3 .nH20 8-7 88
n=0,1,2
Ln=la - Yb 
(except Pm)
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Table 1.4 (Continued)
t • ■} ~ , Coordina-
IlSand Complex t Number
Donor Containing C-0 group
I
ln=Ce,Cr 
Ln(i)(NCS)5 .H20 
ln=la,Yb
Cyclic polyethers (L) Ln(L)(N03)3
Reference
89
Donor :oxyanion NO^ In(NO3)|“ 10
ln(N0,)|- 12
60
67
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Strong basic donors such as diaminoethane which might be 
expected to form thermodynamically stable complexes produce 
a sufficient concentration of hydroxide ion in aqueous solu-
( 9 2 )
tion to precipitate the highly insoluble lanthanide hydroxide.
Therefore in order to study the ability of the lanthanide
ions to coordinate with neutral nitrogen donors it is best
to prepare the complexes in non-aqueous media of moderate 
(93)polarity.v ‘
Some of the complexes of the lanthanide ions involving 
nitrogen donor ligands are collected in Table 1.5. Also 
included are ligands containing both nitrogen and oxygen 
donor atoms and some mixed ligand complexes.
1:3:3 Sulphur Donor Ligands.
The lanthanide ions show a reluctance to coordinate 
to donor atoms other than oxygen and nitrogen. Very few 
complexes with sulphur donor ligands have been studied.
Complexes with ligands containing both oxygen and sulphur 
donor atoms such as a-mercaptoacetic acids have been 
reported^^’ ^ 0) an^ information from the stability data 
show that they are acting as mono-dentate ligands.
(101)Brown et alv ' have isolated diethydithiocarbamate 
(dtc) complexes with the lanthanide bromides with the com­
position Ln(dtc)^ and NEt^ Ln(dtc)^, ( NEt^=tetraethyl- 
ammonium ) and the bonding is believed to be bi-dentate 
through the sulphur atoms. They are readily hydrolysed and
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Table 1.5 Lanthanide Complexes with Nitrogen Donor and 
both Oxygen and Nitrogen Donor Ligands.
Ligand Complex CoordinationNumber Reference
Primary amine 
Ethylenediamine (L)
Heterocyclic 
2,21-bipyridyl (L)
2,21,6 *,2”-terpyri- 
dyl (L)
Anion
Thio cyanate,NCS~ 
Oxygen and nitrogen 
donor sites 
EDTA
Mixed donors
Primary amine/ 
diketonate
Heterocyclic/
3 diketonate
ln(L)4N03 (N03)2
Ln=La,Pr,Nd,Sm
Ln(l,)4(H03)3 
ln=Eu Yb
in(L)2(N03)3 
ln=La iu
ln(X,)3(C104)3 
Ln=ia Iu
{Eu(NCS) > 3-
KLa(EDTA)(H20)
Eu(aniline)(diket)
Pr(dmp)3(py)2
Ln(3-diketonate)^L 
L=py,dipy,phen
8-9
10
8
7,8
94
95,59
96,52
35
49
97
43
98
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Ln(dtc)^ is'obtained in the presence of the excess of
1:3:4 Organometallic Compounds,
These are mainly outside the scope of this review and 
only a brief description will be given.
Lanthanide ions form simple salts with cyclopentadienyl 
and cyclooctatetraenyl ions. They are almost ionic in nature 
and have magnetic moments similar to those of free metal ions. 
G-ysling et al have reviewed the organo-compounds
derivatives of the lanthanides.
and it seems to be the only a-bonded complex obtained with
ring, and a-bonded to two oxygen atoms from-THF and two 
chlorine atoms. The two chlorine atoms are bridging ones 
between two cerium ions.
The structure of {Li(THF)^ H is known
a lanthanide and the structural data for 
show it -bonded eyclo-pentadienyl anions.
Crystallographic^^*^ study of { Ce(CgHg)C1.2THE } 2 s^ows
2 -it to be dimeric, each cerium atom is tt -bonded to a CgHg
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1:3 :5 Halide Ligands.
Lanthanide ions have a comparatively small tendency to 
complex with halides (except fluoride). The formation of 
halide complexes has been investigated.(73-78) Fluoride 
has the greatest tendency for complexation with trivalent 
lanthanide ions. In aqueous solutions the species LnF^ 
could form with fluoride ion.^^>74)
Some stability constants of the halides with some of
the tripositive lanthanide ions are listed in Table 1.3.
These illustrate clearly the relatively small interactions
between lanthanide and halide ion in aqueous solution.
3- /In non-aqueous solutions species such as knXg (where 
X =Cl”*,Br”) have been reported. ^ ®^) rphese may he 6-coor- 
dinated with an octahedral symmetry.
The crystal structures of the 8-coordinate 
Gd { .(^COgClg} + C107) ^ 9_Coordinate Pr{ (terpy)Cl(H20)^}Cl 
(55) ana 8-coordinate { Ce(CgHg)C1.2THF } ^ ® 5 )  show the 
presence of coordinated halide.
In the double salts NaLnF^ (where In = la - Tm),9-coor- 
dinated Ln^+ ions with fluoride have been reported(^8) in 
an ionic lattice.
1:3:6 Schiff Bases
Schiff "bases(109,110) are those compounds containing
the azomethine group ( -R-C=N- ) and are usually formed by 
condensation of an amine and an active carbonyl compound, 
Schiff bases derived from o-hydroxy aromatic aldehydes are 
rather weakly acidic ligands and well-known potential che­
lating agents particularly the tetra-dentate ones. The acidi 
hydrogen atoms are usually ionised to give an anionic ligand 
They have both oxygen and nitrogen sites to coordinate with 
metal ions. The mono-, bi-, tri- and tetra- dentate Schiff 
bases generally have the formulae shown below:
OHo
C C =  N — R
h /
/
E
Mono-dentate Bi-dentate
OH HO OH HO
N = C
Tri-dentate Tetra-dentate
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1:3:7 Lanthanides and Schiff Bases.
The chemistry of the 3d-elements with hi- and tetra-
dentate Schiff bases has been studied for sometime. Recent 
(109 110)reviews' * 1 deal extensively with the coordination
chemistry of the transition metals with Schiff bases. 
Comparatively there is only a little work with lanthanide 
complexes of Schiff bases.
The first synthetic work was carried out by Isobe 
(111)et alV 1 using tris(salicylideneamino)triethylenetetramine, 
HOCgH.CH=JJCH2OH2NCH2CH2NCH2CH2N=CHC6H.OH and compounds with
6 4
composition Ln(trien-S) (where Ln=La,Pr,Nd,Gd and Er ) were 
isolated and characterised by their IR spectra.
(112)Dutt and Nag' 7 have reported new series of lantha­
nide ion chelates with NN*-o-phenylenebis(salicylideneimine) 
(^salphen) and NN’-ethylenebis(salicylideneimine) (H^salen) 
with compositions Ln^salenJ^.nS, In^salphen)^ .nS (where 
ln=La^+ ,Ce^+ ,Pr^+ jNd^ "1* ,Sm^+ jGd^ *5* ,Ly^+ ,Er^+ and Y^+ and 
n=0,1,2,3,4,and 6, and S=H20 or C2H^0H) and Ce(salen)2 .
These were characterised by thermal analyses and IR spectra.
C 11 *3 }Yamade et al' -have reported the isolation of 
complexes of the lanthanide ions with bi- and tetra- den­
tate Schiff bases derived from salicylaldehyde and diffe­
rent amines but no further investigation has been made.
Mixed chelates of 3-diketones and H2salen have been 
C114 Visolated' ' with the formulae Ln(diket)salen and
LnCdiket^saleni^ (where Ln=La^+ ,Pr^+ ,Nd^+ ,Sm^’ ,Y^+). These 
were characterised by their IR spectra.
Dutt el a l ^ ^ ^  have reported complexes of the trivalen
lanthanide salts with bis(acetylacetone)e.thylenedIimine(enac
with the composition l^Cenac^X^, (where Ln=Gd,I)y,Er and
X=C1~,NG^'’) and Ln(enac)2X^, (where Ln=la,Ce ,Pr,Hd,Sm and
X=C1~,N0^~ and CNS~), and studied these hy means of IR and
UV/Visible spectroscopy and molar conductance experiments.
On the basis of IR and molar conductance these complexes
contain non-coordinated halide and nitrate groups . Therefore
3+they have suggested coordination number 8 and 6 for Ln 
ion in these series of complexes.
Later on, the chelates of enac with lanthanide perchlo- 
f 116}rates were reported'1 ' with compositions
Ln(enac)2(OH)(010^)2 «H20, (where Ln=Gd^+ ,Ly^+ ,Er^+ ) and
Ln(enac)^(C10^)^,(where ln=La^+ ,Pr^+ ,Nd^+ and Sm^+ ).
(117)Recently Tayim et al' ' have synthesised a variety 
of complexes of the d-elements, lanthanides and actinides 
with 2,6-pyridinedylbis(N-hydroxyphenylamine),(SBH2)• This 
ligand has been employed half-ionised with lanthanide 
nitrates to give formulae Ln(SBH) (NO^^ , (where Ln-La^+ ,
Ce5+ ,Ce4+ ,Pr5+ ,Gd5+ ,Er3+ ,Dy5+ fY'b5+ ,Sc3+ and Y3+ and n=1,2). 
These were characterised by their IR spectra only. Although 
the Schiff base has potentially five donor atoms (I), they 
pointed out that only a maximum of four donor atoms are
sterically available for bonding to metal ions, when the 
ligand is fully ionised.
C
,0H
(I)
H H
 H
(II)
H
But in the half-ionised form (II) the intramolecular
hydrogen bonding is preserved during the complex formation
and the ligand acts as a bi-dentate donor through the ionised
C-(T group and the neighbouring azomethine nitrogen but if
the unionised phenolic hydrogen is held between the two phe-
nolate oxygens the ligand could behave as a tetra-dentate
■ 3 +
donor. Therefore the Ln ions have coordination number 
seven or eight in these series of complexes.
(118)Condorelli et al' 1 have isolated several Schiff base
complexes of trivalent lanthanide ions with the composition
LnCinOgX^ .nH20, (where n=0 - 1, Ln=La - Sm) and LngtHLj^Xg,
(where Ln=Eu - Lu, and X=C1~ and N0^~ and
HL=NNf-bis(salicylidene)-1,3-propyleneaiamine and
B N !-bis(salicylidene)-1,3~propylenediamine-2-olo. They have
also synthesised several mixed complexes of the lanthanide
ions with copper(ll) chelate compounds of the formulae, 
(CuL)9Ln(N05)5 .nH20, (n=0 - 2 and Ln=La - Sm) and
Cu(L)Ln(N05)5 *nH20(n=0 - 2  and ln=Eu - In and l=ionised form 
of E R ’-bis(salicylidene)“1,3-propylenediamine. These were 
characterised by IR and UV/Yisible spectroscopy and molar 
conductance. On the basis of the IR and UY spectra they 
have suggested that the neutral ligands and Cul compounds 
act as bi-dentate ligands coordinating through phenolic 
oxygen atoms with trivalent lanthanide ions; the nitrate 
groups are also coordinated in these series of complexes.
Recently the formation of complexes between bis-vanillin- 
benzidine and lanthanide ions of formula {Ln(bis-vanillin-
(119}
benzidine)2H20 }C1.H20 has been reportedv ,(where 
ln=trivalent lanthanide ions except Pm). These complexes 
have been studied by their IR spectra and molar conductance.
There is a small number of complexes in which the ligand 
H2salen has been adducted as a neutral donor. Eor example 9 
Ti(H2salen)Cl (120\  Nb(H2salen)Cl4/ 121 ^ Th(H2salen)Cl4.THP
■ 22Vand U(H2salen)Cl. .THF' ^ 22 ’ ^ 2^^ have been reported.
On the basis of the IR spectra they suggested that the ligand 
(H2salen) acts as a bi-dentate donor and the coordination 
is only through nitrogen atoms of the azomethine groups but 
when the ligand is fully ionised the coordination is both 
through oxygen and nitrogen atoms.
Very recently Agarwal and Tandan^*^ have isolated 
the complexes of trivalent lanthanide ions with bis(o-hydro- 
xyacetophenone)ethylenediimine, (SBH2), with composition
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LntSBHgJgXNO^)^* ^ where Ln=Ija^ + >Pr^+ ,Nd^+ and Sm^+ ). They 
characterised them hy their IR spectra,molar conductance 
and magnetic susceptibility and suggested that the ligand 
coordinated both through oxygen and nitrogen atoms and the 
nitrate groups are non-coordinated.
They have also prepared^25-126) seYera^ complexes of 
La^+ ,Pr^+ and Nd^+ with bi-dentate and tetra- dentate ionised 
Schiff bases.
(127)Hart el alv ' have synthesised and characterised 
several complexes of the trivalent lanthanide ions with 
tetra-dentate Schiff base , 1,2-bis(2-pyridine-a -aldimino) 
ethane, (l) , with the composition LnlX^, (where X=C1~,H0^"*, 
CNS”,C^H^O^'' end I»n=la - Lu and Y).
The crystal structure of Gd(L) (NO^)^^^ is also known, 
5+in which Gd^ ion is surrounded by ten donor atoms, four 
nitrogen atoms from the Schiff base and six oxygen atoms 
from three bi-dentate nitrate groups (see previous section).
1 :4 Aim of the Work.
During some exploratory experiments with Schiff bases, 
we synthesised Ce(H2sal-1,3pn)Cl^.2H20 for the first time 
and became interested in the extent to which complexes of 
this type occured for lanthanide elements and calcium.
An experimental programme was then devised to investigate 
the problems set out below:
(a) It was necessary to establish the range of stoichiometries 
by preparative and analytical procedures.
0>) The mode of coordination of the ligands and the struc­
tures and coordination, numbers were investigated by infra­
red and electronic spectroscopy. Neodymium complexes exhibit 
hypersensitive bands in the visible absorption spectra and 
through these it may be possible to determine coordination 
numbers.
(c) X-ray powder photography could be used to show that the 
complexes were true compounds and not simple mixtures of the 
components or mixtures of a single complex with excess 
ligand or lanthanide salt. In addition isomorphism could be 
investigated.
(a) The properties of complexes of the fully-ionised ligands 
with cerium(lV) may be useful for comparative purposes.
(e) Since divalent calcium has a similar radius to the tri­
valent lanthanides, it was thought possible to prepare 
similar complexes with this metal ion.
(f) It was hoped, that magnetic susceptibility measurements 
might enable us to classify different stoichiometries with 
respect to effective magnetic moments.
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2 j1 Preparative Methods.
2:1:1 Chloride complexes.
The majority of the complexes were prepared by the 
addition of the stoichiometric amount of the hydrated metal 
chloride in absolute ethanol to a hot solution of the ligand 
in absolute ethanol. A yellow precipitate formed almost 
immediately. This was filtered off, washed with cold ethanol 
several times and then dried in a desiccator (CaCl2).
Elemental analytical data for the series of complexes 
corresponding to empirical formulae LnLci^.nH20 , Li^D^Clg.nl^O 
Lnl^Cl^.nH20 and Lnl^Cl^.nH20 (n=0,1,2) are presented in 
Table 2.1. Complexes of the type LnLCl^.nH20 were prepared 
at room temperature.
Ligand to metal ion ratios of 1:1 were used in the 
preparation of the complexes Ln^^Clg .nH20 . Ligands forming 
this type of complex could not be used to prepare compounds 
of the type LnLCl^.nl^O. Complexes of the type LnL^Cl^.nH20 
were obtained in cases where L-(H2sal-1,6hex).
2:1:2 Bromide complexes.
A few bromide complexes were prepared by the addition 
of the stoichiometric amount of the hydrated metal bromide 
in absolute ethanol to a hot solution of the ligand in 
absolute ethanol. A yellow precipitate formed immediately. 
This was filtered off, washed with cold ethanol and then 
dried in a desiccator (CaCl2).
Elemental analytical data for the series of complexes
corresponding to empirical formulae Lnl^Br^.n^O and
LnL^Bx% (n=0,1,2) are presented in Table 2.1.
3 3
Unsuccessful attempts were made to prepare complexes 
of the type LnLBr^.nB^O and Lr^L^Brg.nH20 .
2:1:3 Nitrate complexes.
The nitrate complexes were obtained by the addition 
of the stoichiometric amount of the hydrated metal nitrate 
in absolute ethanol to a hot so3.ution of the ligand in 
absolute ethanol. A yellow precipitate formed immediately 
for the trivalent lanthanides and a dark green precipitate 
for cerium(lV). The precipitate was filtered off, washed 
with cold ethanol and then dried in a desiccator over CaCl2 .
Eor Hsal-ane complexes, the precipitate formed after two 
days.
Elemental analytical data for the series of complexes 
corresponding to empirical formulae LnL2(NO^)^.nH20 and 
Ln2l^(NO^)g (n=0,1,2) are presented in Table 2.1
Complexes of the type Ln2L^(NO^)^ were obtained in 
cases where Ln-Nd and L=H2salen and H2sal-1,2pn. Complexes 
of the types LnL(NO^)^ and LnB^(NO^)^ were not obtained 
for.nitrate.
2:1:4 Cerium(lV).complexes with ionised ligands.
All the complexes were obtained by the addition of a 
solution of eerie ammonium nitrate (2mmol) in dimethylfor- 
mamide (30ml) dropwise and with stirring to a boiling solu­
tion of the ligand (4.2mmol) in dimethylformamide (60ml).
The yellow solution at once turned dark red. When the 
addition was complete the mixture was removed from the hot 
plate and ammonia gas was passed through the vigorously 
stirred solution for 30 minutes, on cooling for sometime, 
a dark red precipitate was formed. This was filtered off, 
washed with cold ethanol then dried in a desiccator (CaCl2).
Elemental analytical data for the series of complexes 
corresponding to empirical formula CeL^.nS (n=0,1 and S=DME 
and H20) are presented in Table 2.1. Eor the complexes 
derived from H2sal-1,2pn the precipitate was obtained after 
adding ethanol (96%,30ml). The compound Ce(3“methoxysalen)2lMF 
was heated for 6 hours at 160°C in the oven. The solvent 
adducted was removed and Ce(3-methoxysalen)2 was obtained.
The compounds obtained by using the ligand (Schiff 
bases) in either the ionised or unionised forms were soluble 
in DME and DMSO only and were considerably dissociated 
(as the molar conductance showed). The compounds derived 
from Hsal-ane were fairly soluble in hot ethanol. No melting 
point was determined because of decomposition of the 
complexes before melting (200-300°C).
Ta
bl
e 
2.
1 
An
al
yt
ic
al
 
D
a
t
a
Id
P
o
d- c— d* vo 00 d- CO LO 00 V CO 00 VO o
. • • a a a a a a a a a a a
to CTV C\J CM 00 d' T- 00 ctv to 00 t— 00 to
T“ X~ T— r— t— T~ T“ T~ v “ ' X—  ' V_
OJ to 00 LO CO ov T~ c— tp 00 00 CM 00 o -
• a c « a a a a a a a a a a
c*- LTv VO VO d - to VO VO CM VO d - VO VO VO
CM VO d - VO vo CM VO to CM vo LO d - LO
« a • a a a a a a 6 a a • a
d- to d- d" to LO LO VO d " d - to LO LO d -
CM o CM CM r _ \ — 00 LO ■s— to "!— 00 O •V—
• • a a a a a a • a • a • a
CTV C"- 00 00 VO o to 00 00 VO VO to CTV 00
d" to d- d - to LO LO LO to d~ to LO LO d*
00 o to LO VO to d* ■ T_ to CO VO 00 to d-
• • • a a a a • a a a a a • a
c— VO VO VO d - CTV to \ “ VO VO d* LO T“ t -
V C\J T ~ T— CV1 T— -V-' T— CM ^— CM v~ V " •\—
rd
VO o VO VO co LO CTV VO ctv o 00 CTV D— to
a a a a a a a a a a a a a a
to o CM CM oo d - ■*— 00 CTV to 00 V - 00 to
V CM T— T— T— T~ •*“ X— V— v~ V “ v_
net
(D
-P
0
d  «PO
i—!
0
o o
o
&a
oo
CM to VO vo CTV c - to 00 VO 00 CTV to CTV o
a a a • a a « a • • • • a •
o LO VO VO d * LO VO VO CM VO VO VO IP
d - 00 00 CTV O d - o to d - CTv d - CTV to
a a a a a a • a • a • • a •
d - to 'd - d * to LO LO VO d - d * to LO LO
CM —^ to to CM to CM CTV c— v - o
a a a a a a • a • a • • a •
(Jv VO 00 00 VO CTV to 00 00 VO VO to CTV 00
d~ to d * d - to d - LO LO to d - to LTV LO d *
00 r— d * d - 00 O LO CM o V co c - LO VO
a • a a a a a a a a a • a •
c— VO VO VO d - CTV LO ■V— VO C - d - LO t— r—
CM x — CM CM T— CM V “
o o o
CM CM CM o
p p O P CM
CM CM CM VO a P P
a a IP rH to to o o CM hO to
to to • O rP H -p CM a P p o
O I—I 1—I to to O O p P to O o CM
CM o o H CM to CM CM 1—1 CM to p
P CM CM O X /■—. / —s • a o / ---V <■—X •
to a /^N /-~s 0 X X to to ,— X X to
H to P P p P 0 0 P p p 0 0 1—1
O 1—1 f=k Fk P< VO P p o o p p o
CM o CM to to 4K VO VO /--N CM to vO VO CM
/— v *> •t •t V— •v •t 0 /•--s •» /■ v
p p T~ V" T— 1 p —^ T- V - P
0) 0 1 1 1 P 1 1 CO 0 1 ! 1 0
P P (—1 P rH  • cd rH rH 1 p P P p P
Cd cd cd cd cd CQ cd cd p 0 0 0 0 0
CO cq CQ CQ CQ CM cq CQ cd CQ CQ VI CO CQ
CM CM CM CM CM p CM CM CQ CM Cd CM CM C>1
s p P IP IP
'—' P P p P P P P P
CM ■—s
cd cd Cti cd cd cd cd ctf 0 0 0 O 0 U
P P p P • P P P p p O O o o P
Ca
lc
ul
at
ed
 
(%
) 
Fo
un
d 
(%
)
- 68 -
x
o
X
o
d
0
d
Pi
•H
-P
dOo
CM
0)
rH
•§
irH
C\!
00
VO
vo
OV
Kh
CTV
00
•
C\J 
\—
co
VO
VO
•
Ki-
cvi
CSV
Ki­
ev]
T—
Kh
VO
00
Ki­
rn
vo vo
in
•
CM 
t—
VO
•
VO
00
Kh
CV1
00
Kf-
vo
tn CM VO CM 00 t— VO OV CM KV o O
• • • • • • • • • • • «
Kh r- 00 tn CM CM CM m CM CM in CM
v_ v“ T~ x— r— v~ ~ T~ 'r~ T-
o CSV ov c co VO Ki- Kf v o V
• • • • • • • • • . • • •
in VO VO vo vo VO VO in vo vo VO VO
CTV CM CSV CM CM Kh Kh CM Kf vo 00 CM
« • • • • • « • • • • •
Ki­ in m Kj* Kh kJ- kJ* in Kh Kh KV Kh
ev] KV CSV VO kJ* '(— Kh vo CM CM KV r-• • • • . • • • • • • • •
CSV t— 00 th- Ln OV 00 c*- 00 00 T— vo
Kt- in in kJ- Kf Kf Ki- Kh Kh Ki- Kh Kh
V" 00 Kh VO Kh CM CM V* CM in in
• • • • • • • • • • • •
CTV Kh V" tr- c- r- OV OV CSV Kh CSV
T~ T“ r— v~ T~ ' T— CM T-
in kJ- C— ■<— ov 00 00 in in CM \—• • • • • • • • • • • •
Kh T~ oo KV CM CM CM Kh CM CM in CMV T— v_ t— V - v v~ ■\— V - T— T—
[>- o ov O 00 00 00 vo VO VO o Kh• • • • • • • • • • •
in vo vo t"- VO VO VO in VO vo vo vo
CSV vo ov KV Kh VO . in in Kh vo• • • • • • • • • • • •
Kh in in Kf- Kh Kf Ki- in Kh Kh KV Kh
in O t*- CM CM c— 00 00 CM Kh• • • • • • • • • • • •
CTV •*— OV t"- vo CSV OV t— C*— r- T— vo
Ki­ in in Kt* Kh Kh k4- H- Kh Kh Kh Kh
ev] T_ m CSV in Kf Kh T— KV KV e- c—• • • ' • • • • • • • • •
CSV in V- e- c— c— c— OV ov OV Kh ov
T— T~ T— r— T— T~ V v— T— T— CM T—
o
CM
W•
KV
O
CM
w
CM
•
KV
vo
rH
O
O
CM
W
CM
•
KV
i—1
KV
H O
O
CM
o
CM
W•
KV
O
CM
W•
O
CM
w•
vo 
1—1 
o
O
CM
W•
KV
o
CM
W •
KV
o
CM
O
CM
W
CM
•
KV
(—1 i—1 KV O O CM W i—1 KV KV rH rH W rH
O O CM KV CM o i— i /—V O O • O
CM CM X /-N • • CM O X CM CM vo CM
d ,—N /—V 0 X X KV KV /■—\ , —S 0 / --N 1—1 <— >»
d d 0 0 rH H d d d d O d
f t VO X5 A O O f t f t vo ft f t KV f t
o CM KV •t vo vo CM . CM OJ KV *> CM KV CM
P4 -^- /•—> ^—% «v •t T— d •»
a r " 1 T“ Pi a T— 1 T- 0 K“
o i 1 rH 1 1 0 0 1 1 rH 1 1 rH 1
o H i—i d H H rH rH rH H cd rH rH cd rH
d d CQ cd cd cd cd id cd 0 cd cd 0 cd
w w CM CQ ra 0 CQ vQ CQ CM 0 0 CM 0
CM CM W CM CM CM CM CM CM w CM CM W CM
W w W m w W w W W ‘—/ w
CM ' — 1 v ^ / s _ / v_^ CM CM 's—^
u Pi Pi U Ph fd -d d o o d
Ph ft P h f t f t 525 }s; !^i W «
- 69 -
d
0
2Pi•H
-P
pi
oo
CM
0
rH
&
Cd
EH
d
§ W
o
ft
o
X
d  <1)
-P 
cd 
rH 
2 O 
H 
cdo o
vh CO CM in in CM -H ' tn t n tn t n vf-' <T\
• • • • • • • • • • • • ♦
T— "H* vd- CM t" - t— CO tn in CM CM CO in
V CM CM CM i— V ■*“  ■ T~ T~ T—
cr> tn VO t n CTi o VO T- CM CM vh vo in
• • • • ■ • • • • • • • • •
LTv in in Ln in VO VO c - VO VO VO VO VO
CM vo cr» £>• tn CM CO T— — CM v j- 00 r -
• c • • • • • • • - • • • •
in tn tn v i- tn in in v}- v i- Kh v h in t n
CPi t - CM t n in v j- CM c O c - cr>
• • • • . • ■ • • • • • • • •
■V— o t— t n tn V- CO in vo C- c— tn
in vh vj- vt- in in in vi- v*- v f- vh in vh
C- CTi VO VO c- tn o \ 00 cn vh CJV CM
• • • • • • • • • • • • •
CO v f vi~ tn o in T- 00 t— tr- - ▼“ tn
X~ T— t— —^ •\— r— T~ X~ CM r- V T— CM
in v- m C O n- vj- in vh VO vh vi• o
• • • . • ■' • • • • • • • in •
t— in vj- CM t>- X~ 00 tn in CM CM • VO
r - CM CM CM T- X~ T~ v x~ ' v 00
o CT\ c- tn CM o t - V CM in tn c- tn• • • • • • • • • • • • •
vo in in tn vo VO VO c— VO VO vo vo VO
CM co ■ v- CO tn vo O o tr- r - O VO• • • • • • • • • • • • •
tn tn vj- v j- in in VO v j- vJ- v t- VO tn
CO CM in o- t- vt* 0 - vj* O vo VO C-— tn
• • • • • • • • • • • • •
T_ o T— tn tn T~ !>- 00 in t— c- C tn
tn v f vh in in in vh v i­ vh v h in v i-
VO V r~- VO v i- o o T— in in o VO• • • • • • • • • • • • - •
00 tn vh tn o in CM cn CM CM m
v— T— V T— x~ T— T— T— CM T— x— v CM
O oO O CM o o oCM CM w CM CM CM CM
W w CM W w W wCM • • • CM CM •
tn o • tn tn tn tn vo • • m
rH CM tn fn i—1 rH 1—1 tn tn i—l
O w £h PQ PQ o O o H rH o
CM CM FP CM tn CM tn tn o O tn vo• CM —^v /—( y—X y^N CM CM rv
tn W « tn Pi y-N y—. X H
id <D ? cu 0 0 i—1 ft Pi Pi 0 OPQ f t 1^ rd o CM f t f t rd tn
VO CM tn vo vo vo VO CM •k CM tn VO r '
o •t y--S -^ at Pift T— £j r— T— Pi 1 v— r— 0
a 1 0) i 1 I 1 1 0 rH 1 1 1 rH
o rH rH rH rH rH rH rH rH cd rH rH H cd
o cd cd cd cd cd cd cd cd CQ cd cd cd 0CQ CQ n CQ CQ ra ra CQ CM 0 0 0 CM
CM CM CM CM CM CM tn CM s CM CM CM sW w M K W. W m w W CM■—^ V_✓ CM
rQ <d d d d d d 8 8 8 8 a d
>H ^5 is; CO CO CO co CO
Ta
bl
e 
2
.
1
(
c
o
n
t
i
n
u
t
e
d
)
-  (V -
x
x
*d
B wd
o
ft
o
X
X
>d 0 
- P  
cd 
H  
d o
rH
cd
O O
X
s
CM CM tn vo
• • • * 1 1 l 1 I 1 1 1 1 1
CM CM 00 in
—^ T“ V *
r — tn in o o \ 00 CM 00 o VO H - in tn• • • • • • « c • * • • • •
vo vo vo VO o o o 00 o o GV T—
<r" T_ V— T— ■c— \—
CM H * <T\ H - vo CM v~ o VO c - 00 CO 00 t n
• . • • • • • • • • • • • • •
H * H - in t n m H * in tn tn t n H - tn
D~- in vo O tn o tn in in tn in in O
6 • • c • • • • • •  - • • • . •
VO vo t tn CM in tn IH H * H - H - in crv cr»
H * in H * H - H - H " H - H - H - H - H - H - t n
cn O H~ O C in H - CM c n CM m H - CM
• • • • • • • • • • . • • • •
IH 00 CM H - in in in H * vo VO in in H * CT\
T— v CM t— — t— . V T— — T~ V
tn m in 00
• • • • l I 1 1 1 1 l l 1 • 1
CM CM 00 in
V ■*— V
i n m c - CM CTk 00 VO CPr vo H * 00 CO o in
• c • • • • • • • c • • • •
vo vo VO VO O o o crv oo V o o o t—
r— T— \ — T— V T— - — V“
c— l CT\ VO o CM
• • • • • •
H - H * in tn H * H *
CM CM 00 00 O
• • • • • •
C - r - tH CM CM in
H - H - in H " H -
CM CM in in in tn
• • • • • •
00 00 CM in in
*—■ r— T— CM •v— V -
H*
H-
H-H"
v~ CM l CM CM CT\ tn
• • • • • • •
in H~ K \ H - H - tn
COH"
O
H-
H~
LTV
•
H"
H-
tn
VO
C T »  G T \
H-
H- H*H-
tn in 
•  •
in in
CM
cA
H-
H-
H-
tn
CTr
tn
c
C T \
*d
Oft
3
o
o
o
CMx
CM
•
tni—I
o
CM
ft
CM
o
CM
X
CM
tn
rH
O
CM
ft
tn
O
CMx
tn
rH
O
tn
0
X
vo
o
CM
X
CM
o
CM
X
VO
H
O
tn
tn
O
X
CM
d ft
CM CM
o
CMx
CM
tn tn
t n  
O
m  ^
tn
O
X
CM
'S'ft
tn
O
CM o oX X CM CM• o X X
tn -p • • tn
^—s X tn tntn CM tn
o • tn tn o
d •s
T* * T— T— 0 d ■V—
1 1 1 rH 0 l I
,—! rH rH cd r~i rH  • rH
id 0 cd 0 cd cd cd
ra 0 0 CM 0 0 0
CM CM CM X CM CM CM
X X • X X X X
V_✓ V_' s._/ CM
rc> rd X O cd o3 cd
cb d3 cb X X  • X rH
X
CM
h?
0
X
vo
I
rH
0
0
CM
3
0
X
tn
tn
O
X
CM
0
§
I
rH
Cd0
3
cd
H i
o o X vo
tn X X v—^ /—'
/■—v v---' CM tn
tn CM CM O
o .---- > X
X d d 0 '—*
f t f t X tn
CM CM tn vo ✓—s
;— » * -T. <N d
d T— V" V" 0
0 t 1 1 rH
H rH rH cd
cd cd cd cd 0
0 0 0 0 CM
CM CM CM CM r-i
X X t- -ir -t X*Vw/ V—✓ CM
d  . U u d •d
P^ f t f t f t X
- 71 -
d
§O
Ph
o
VD o >3- VD c CM tn tn m
• . • • • • • • • • •
O T— o O c n •i— o o O cn
V s— s— T” T- v_ V T—
C VD o o ^— tr- 00 O - VD cr\
• • ' • • • • c • • •
tO tO in tn tn tn tn ■'H-
0 \ 'H ' CM c r\ in t n <J\ t n m
• • • • • • • * • •
^— O in cr> -vh tn d - tn t>-
'vf- '= f -d - '=d' ■■3-
CT\ CTi in C '- co 00 CM O
• • • • • • • • • •
VD 00 in in •Sj- C '- VD VD c r\ c -
T— V- T“ t— V- T ~ i— V* T— T—
00 r— in o O V - VD VD cn
}25 • • • • • • • • • •
' - o V- o V - o T- o O o CTi
so s— v" T— <r~
'I- r_ T“ 1—
oss>
to —^ CTi C^- T— V VD CO
d o VD • * • • • • • •
0 w • • -H- tn tn "sh
-p tn
cd
H
p VD t CT\ VD T— r- T" T— CT\ 'c-
o o • • • • • • • • • •
rH CM O tn in CT\ tn 'H- CM C^ -
cd 'H- t^- •'M- 'H- -H- "H- •Sh-
o
o r - in T- CT» O O tn CM
s • • • • • • ' • • • •
VD cr\ in VD ■ [*- c— tr - cn C—
r— T~ S— T“ T“ T~ T— T~ T" T~
o
CM o o
w CM CM
CM « w
O VD • tn • • tn
CM /^ S tn tn /— s tn tn — *
X~N tn /— , /■— * tn rs rs tn
d CM O tn m O no tn o
0) • !zi o o PS O o 0
P tn a s
S— ' m Ps tn s-^
P tn CM ✓—s S-' S—/ CM
•H tn /—v CM CM rs tn CM CM tn /—s
4-5 o p /-v ,— . * O /■—s y\ o
P d  . & Pi p P 0
s
p P •y* 0
O n CM Pi P i ,P Pi Pi v &
O p CM tn tn VD CM CM tn CM VD
o ,-N ■c- •t y—\ «V y >.
Pi P i x— X~ x— P x— T" P X—
v- S 0 rH i 1 i 0 I 1 0 1
• o rH P rH 1—1 H rH rH rH i—1
CM o 0 ra P cd p P P P p p
CQ CM 0 CQ ra CQ ra 0 IQ 0
0 CM w CM CM CM CM CM CM CM CM
r4 « w « w W f f i Pi-HHH W
d s_/ . CM s^ s—/ v ^ / '—y s ^ '‘w /
P d d d d d d d d rQ rO
EH £5 SP |zi is; P i P3 0 >H
- 72 -
CM o r - V" CM c— A D tO LA in tn T—• • • • • • ' • «. • • • • •
CO 00 00 c~ - tn C\J C\J CM t— T~ r - o CT\
T“ V~ T - r - v - V“ V“ T—
t1— VO <X\ VD CT> v -  Csl cm oo o  O  c— cm
•  •  •  • •  •  •  •  • •  •  •  •
d *  d *  d -  d "  CM f A t A t A t A d - d - d - d -
LP\ x —  t A  C— t — x—  x— CT\ CO LA LA C
•  •  •  « •  •  •  • •  • •  •  •
t— t— d "  d '  d "  VD LA VD O  T”  CM LA
LA LA LA LA d - * d  d *  d~  d "  d "  d - d "
c n 00 d " VO t A oo d " ' CO A - LA VD d LA
d • • • • • • • • • • • •
c n (Ti VD > - VD LA LA LA d - d * ■d ' LA —^
t— V ■r- V x— V“ t— v— t— ^— v— •>[—
o O T- t— ■S— C— LA [P <T\ LA LA VD o
• • • • • • • • • • • • •
/-s CO co CO [p tA CM CM CM r — v~ T- O <T>
v t— T- r~ T— t— V
N_'
>P VD VD o VD 00 CM d CM VD CO cn 00, CM
0 W • + • • • • • • • • • • •
-P d d LA d CM tA tA tA tA tA tA d
cd —i—1
P tA tA T_ LA d d d 00 V x— LA o
o o • • • • • • • • • •  - • • •
H CO CO d d LA VD LA VD o CM CM LA o
cd LA LA LA LA d d d* d d* d d d LA
O
o O CM tP d CA <b <J\ a\ d d [A CMs • • • • • • • • • • • • •
o o VD cp VD LA LA LA d d d tA
CM CM T_ ■H" T“ r- T“ \— T” T" V “ V -
o
CMW O
•  O  O  CM
n CM CM CM CM CM m• ✓---N S—N />—s • o
CM CM P P p • • d - CM
N /—N P i P i P i o d - d - W
,—N P P CM CM tA tA CM / —s /■—» tA d *
*p 0 0 /^ S •t +v w tA tA o •
0 H rH P -^- V“ T— • o O d *
p CM CM cd cd 0 t I 1 d * JSi £3 v_^ /—N
p /- > /—s ra ra rH H rH H /-N '—^ V—r CM tA
•r l Pi p i >> cd cS P cd tA CM CM o
-P P i X CQ ra m ra O /— . /~N X J2i
P P CM tA o o O o o o P P 0 v—^
o <% •V rP & P U P P P i P i ,p d *
o p| \- -P -P P> -P -p CM CM tA VD
V / o 1 1 0 0 •H •H •H *rA •V 0
P i H H S S P P P P P n— v. QT— 0 cd cd I l 1 1 I i 0 i I 1
A
cd
• o w 0 rA tA LA LA LA LA i—I H rH i
CM o V ^ V_.* v_✓ v_/ v_/ cd cd cd td rH/—s /■*> ,— , / —S s—> ^—>. CQ CQ ra CQ cd
0 > > > > > > > CM CM
ixj
OJ CQ
rH H . H P l P I 1—1 P I P I P I w tP
1 H  1-iH
v^< ' v_/ V_X '----' v_/ '—/ '— ' '■_* ' _^ '—^ '—/ ^
Cd 0 0 0 0 0 0 0 0 0 0 0 0 Q)
Ed o O O O o O O o O o o o o
w
o o  
Ph
- 73 -
2:1:5 Ligands.
These were prepared "by the addition of the stoichiometric 
amounts of amine in hot ethanol to a boiling solution of the 
aldehyde in ethanol and heating for 30 minutes. Yellow pre­
cipitates were obtained (except for B^sal-I^pn which 
separated as a liquid). These were filtered off, washed 
with cold ethanol and recrystallised from DM3? or ethanol.
The melting points are listed in Table 2.2.
Table 2.2 Properties of the Ligands.
Melting point Literature Value 
observed °C of melting point °C
H^salen 122 123
H^sal-I,2pn liquid -
H^sal-I,3pn 53 53
H2sal-1,6hex 67 -
Hsal-ane 50 51
3-Methoxysalen 161 161
5-Nitrosalen 275-280
(decomposed)
275-277
(decomposed)
5-Nitrosal-1,2pn 230
(decomposed)
-
5-Nitrosal~1,3pn 245
(decomposed)
—
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2:1:6 Metal ion salts.
Rare earth oxides (99.9%) were treated'with concentrated 
acids (ECl,HBr and HNO^) from which L n X ^ ^ ^ O  (X=C1 ,Br and 
NO^ "") was prepared by evaporation, the salts were recrys­
tallised from water. Oeric ammonium nitrate was obtained 
commercially.
2:2 Analytical Methods.
2:2:1 Metal ion.
Metal ions were determined by heating a weighed amount 
of the compound (0.2 - 0.4g.) in a furnace at 700 - 800°C 
for 2 - 3  hours. These were estimated as lno0„ for trivalent7 
lanthanides and as Ce02 for cerium(lV).
2:2:2 Halide
Halide was determined gravimetrically as the silver 
halide. 028)
A weighed amount of the compound (0.2 - 0.3g.) was 
dissolved in hot water with very dilute nitric acid (5ml), 
then treated with a warm solution of the silver nitrate 
(2%,50ml).
2:2:3 Microanalysis.
Carbon, hydrogen and nitrogen were determined by the 
University of Surrey Microanalytical Laboratory.
2 :3 Apparatus and Physical Measurements.
2:3:1 Magnetism..
The magnetic susceptibilites of all the paramagnetic 
compounds were measured by the G-ouy method over the tempe­
rature range 88 - 300°K using apparatus supplied by Newport 
Instruments Ltd. An outline of the experiment is shown in
Fig. 2.1.
Silica tubes were employed and the diamagnetism of the 
tube were measured over the same range of temperature and 
at different field strengths.
The diameter of the tube was 3 - 4mm and to obtain the 
most accurate results the length of the sample was 9 - 10cm.
The molar susceptibility x is given by the formula
y = 2g™ w
where: g = Acceleration due to gravity.
W = Change of the weight of the solid alone in field.
L = Length of the sample,
m - Weight of the sample.
H = Field strength,
and w = w^ w2
w,j- Increase in v/eight of the sample in presence of H. 
w2= Decrease in weight of the empty tube in H.
the atomic susceptibility for the paramagnetic atom 
was obtained by correcting x ^ for the diamagnetism of the 
ligands which are present in the compound. The diamagnetic
Nitrogen
^Liquid nitrogen
Pump
Sample
Fig. 2.1 Magnetic Balance
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corrections for the ligands were obtained from Pascal!s 
table
The effective magnetic moment ( y ).. was given by
V e = 2.828 J x a 7 t
where: T = Absolute temperature.
■B.M. = Bohr magneton.
2:3:2 Infra-red and far infra-red spectra.
The infra-red spectra were recorded over the range of 
-14,000 -Zoocm with a Perkin-Elmer 577 spectrophotometer. 
The samples were prepared as nujol and hexafluorobutadiene 
mulls between KBr or NaCl plates. In the range of 625 - 
200cm the samples were prepared as nujol mulls between 
polythene discs.
.Par infra-red spectra were recorded using a RIIC520
-1interferometer over the range of 500 - 50cm and the 
samples were prepared as nu^ol mulls between polythene 
plates (these spectra were recorded by Dr.D.P.Thackeray) ,
2:3:3 Ultraviolet and visible spectra.
Diffuse reflectance spectra were recorded with a 
Unicam SP700C spectrophotometer over the range 50,000 - 
5,000cm"*The samples were placed in a special cell using 
pure lithium fluoride as a reference at room temperature 
and liquid nitrogen temperature..
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The solution spectra w e re  recorded on the same instru­
ment with the transmittance attachment. The solutions were 
placed in 1cm silica cells and the pure solvent^were used 
as a reference.
The molar extinction coefficient, e , was calculated 
from the formula
where: A
C 
I 
e
2;3?4 X-ray powder photography.
The X-ray powder photographs were taken using a
powder camera (Philips,Dehye-Scherrer type P 1024) with
copper K -radiation and nickel filters by the Straumanis a
method.
The diffraction lines were measured using standard
equipment. Finally' the 6 values were converted into d spacings
(12°)by using K a radiation graphs.
= the absorbance.
= the molar concentration.
= the path length (1cm).
-1 -1= Litre mol cm
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2 s 3 s 5 Thermo gravimetric analysis (TGA.).
An automatic Stanton-Redcroft TG— 750 thermo-recording 
"balance was used. A small amount of the compound (100mg) 
was needed.
2:3:6 Conductivity.
The molar conductance of solutions (2x10”  ^ - 5x10~^M)
of a few compounds were measured in RMF and RMSO on a
Philips G-M-4249 conductance "bridge using a standard dip-
2type cell (R=1.42ohm.cm ).
2:3:7 Reagents and solvents.
The solvents such as absolute ethanol,DMP and RMSO 
were Analar grade. The amines and the aldehydes were used 
as Analar and laboratory reagents without further purifi­
cation.
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.3s 1 Infra-Red Spectra.
The characteristic infra-red spectra of Schiff bases 
and their metal chelates have been the subject of several 
studies/150"155)
The ligands show strong intramolecular hydrogen bonding
(136) as shown in Rig. 3.1 • The hydrogen bonding through
0 - H •••• 0 is rather different from that of 0 - H * * * * N  
(136)in frequency (see Rig. 3.1).
Pig. 3*1 Different T.ypes of H ydrogen Bonding in different 
Molecules.
3397cm
C=N'
2700cm2700cm3435cm
(ch2)2\  /
o-hydroxybenzyl 
alcohol
S.chiff- base (H^salen)
The OH stretching frequency of a non-hydrogen bonded
phenolic group usually occurs as a sharp band in the 3612 -
~1 (137 ^ —135S3cm“ region of the spectrum' ' '' (e.g. phenol ~ 3628cm ).
Ho such absorption band was found in the spectra of the
ligands used in the present work. But a broad band of inter-
-1mediate intensity appears centred at 2600 -2700cm , This
is consistent with strong hydrogen bonding which normally
(137)causes a lowering of the 0-H stretching frequency' J and
(137^also causes broadening. ; The position also corresponds.
to an 0 - H •••• N hydrogen bond rather than an 0 - H •••• C 
system. J ' This probably means that the ligands have intra­
molecular hydrogen bonds to nitrogen,
In the present work all the ligands are structurally 
similar, consequently it is necessary to describe the infra­
red spectrum of only one ligand, A typical example chosen 
for this purpose is N,N!-1,3-propylenebis(salicylideneimine)„ 
.(Hgsal-1,3pn) and its metal chelates.
The IR spectra of the ligand and the metal chelates are
—1
described in two parts (a) from 4000 to 2500cm (Table 5.1 
and Rig. 3.2) and (b) from 1700 to 600cnf^ (Table 3.2 and 
Rig. 3.3).
• In most of the complexes such as NdO^sal-l,3pn)2Br^.2^0 
the absorptions due to water molecules are strong and broad 
and obscure the absorption arising from the free OH group 
(Rig. 3.2). In the nitrato complexes the possibility of 
hydrogen bonding through the nitrate groups arises:
Table 3.1 Characteristic Infra-Red Spectra of the Ligand
-1and Metal Chelates in the Range 4000 - 2500cm.
Ligand
2600 - 2700cm~^ (m'b):
H-bonded OH stretching 
frequency # ^  6 )
2920 cm”"* (m):
Symmetrical and anti-symmetrical 
aliphatic C-H stretch. ^ ^7)
2930 - 2845cm"1 (m):
Symmetrical and anti- 
symmetrlcal aliphatic C-H
stretch.'( 1 ^ 7)
5050cm (w):
Phenyl C-H stretch. (137)
-13000 - 3050cm 1 (m);
Phenyl C-H stretch. (137)
3400cm-1 (ti):
Absorption due to water.
3500 -3600cm-1 (m);
OH stretching frequency. (137)
Such an interaction would lower the frequency of the 
0-H stretching vibration and also cause broadening. Pig. 5.2 
illustrates this point as a broad absorption probably centred 
around 3000cm”"* is observed for La(H2sal-1 ^ pnJg^O^J^^HgO' 
in addition to the usual broad absorption associated with 
water molecules near 34C0cm .
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Pig.3.2 Infra-Red Spectra of the Ligand and the Hetal Complexes
in the Region 4000 - 2000cm7
la(HpSal-1f3pn)Cl,.H„0
Ce(Hpsal-1,3pn)Cl,.2H?0
,a(H9sal-1 f3pn)9Cl,.2H90
d(H9sal-1,3pn)9Br,.2H?0
Nd(H2sal-1f3pn)2 (N03)3 .2H20 
— —■— 6e( sal-1,3pn)9
4000 20003500 3000 2500
In the ease of chloride and bromide complexes the •
possibility of hydrogen bonding through chloride and bromide
anions is less likely* Consequently* in the chloride and
bromide derivatives the free 0-H absorptions are sometimes
-1observable in the range 3500 - 3600cm if there is no
appreciable absorption from water. Thus the absence of
-1
absorption in the region 2600 - 2700cm and the occasional
-1observation of a sharp absorption around 3500 - 3600cm 
confirm that the ligand no longer has an intramolecular 
hydrogen bond and that the ligands are unionised.
On examining the infra-red spectrum of the complexes
with fully ionised -OH groups (Pig. 3.2) there is neither
-1 -1
absorption between 2600 - 2700cm nor at 3500 - 3600cm .
In these compounds only the aliphatic and aromatic C-H 
vibrations are observed (as in Ce(sal-1 ^ p n ^ )  •
It would seem therefore that the metal ion opens the
intra-molecular hydrogen bonded system but the results from
-1the 4000 - 2500cm region do not allow us to decide which 
of the possible donor sites ( 0,N,N,0 ) are used in coordi­
nation.
No significant absorption can be found either in the
_ i
ligand or in the metal chelates in the region 2500 - 1700cm 
(Pig. 3.3) and a second region of absorption bands'appears 
between 1670 and 600cm . The absorption bands with possible
assignments are listed in Table 3.2,
-  bb -
— 1
Rig.3.3 Infra-Red Absorption Bands (cm ) of the Ligand
and the Complexes as Nnjol Mulls
Ml
mm
V.'AVENtJMEER (OO tolV<MSNj <’3n (C'-’»
ir//>V/AVENlB/iSCn (CV, ’)MWicoavvA^-?aAjssu»i’)
Tat>le3.2 CHARACTERISTIC INFRA-REE ABSORPTION BANDS (cm"1)
OR THE LIGAND (H2sal-1,3pn).
C=N stretching frequency
C=C aromatic vibration
C-H deformation and 
=CH- in-plane vibration
C—0 stretching frequency 
C-N stretching frequency
Aromatic in-plane 
deformation vibrations
CH out-of-plane vibrations
Aromatic -CH out-of-plane 
stretching vibrations
1633 vs
1610 sh
1577 s
1504 vw
1341 m
1315 vw
1280 vs
1252 vw
1240 vw
1215 s
1205 vw
1192 w
1166 w
1152 s
1123 m
1115 vw
1107 vw
1085 m
1061 m
1036 m
1020 m
975 s
950 w
930 w
914 vw
885 vw
878 w
858 s
772 vw
765 sh
755 s
740 vw
726 vw
659 m
642 m
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—1Table 3.2 Characteristic Infra-Red Bands (cm ) for the 
Ligands and Metal Complexes.
Ligand Complexes C=N C-0
H2salen (1) 1635s 1285 vs
CeI2.2H20 1650 bs 1300 vs
LalCl,.H20 1645 bs 1290 vs
LaLgCl, 1650 bs 1285 s
PrljCl,.HgO 1645 vs 1298 vs
Hdl2Cl3 .H20 1645 bs 1290 s
NdLgBr, ..2H20 1645 vs 1290 s
Sml2Cl, 1650 vs 1285 s
Gd2I,Cl6 1645 bs 1295 vs
Ho2L,Clg 1645 vs , 1290 vs
yb2L,Cl6.H20 1645 bs 1290 vs
H2sal-1,2pn 1632 bs 1280 vs
^  Lal2Cl,.2H20 1645 bs 1280 vs
PrLgCl,.HjO • 1645 bs 1280 vs
KdL2Cl,.H20 1646 bs 1280 vs
Sm2L,Clg 1645 bs 1280 vs
SmJj2Cl3 .2H20 . 1645 bs 1280 vs
GdIi„Cl,. 2H„0 1645 bs 1280 vs2 5 2
HoL2C13 .H20 1645 bs 1285 vs
Ybl2Cl3 .2H20 1640 bs 1280 vs
91 -
Table 3.2 (continued)
ligand Complexes C=N C-0
H2sal-1,6hex 1630 vs 1280 vs
(L) '.CeL2Cl5 1650 vs 1290 vs
CeL,Cl_ 1650 vs 1290 vs
5 3
la2L5Cl6 1650 vs 1290 vs
Lal2Cl5 1650 vs 1295 vs
• LaL^Cl^,Ho0 1648 vs 1290 vs3 3 2 .
Pr2l5Cl6 1650 vs 1290 vs
PrL_Cl_.2Ho0 1650 vs 1290 vs
2 3 ^
PrL,Cl, 1655 vs 1295 vs3 3
Nd2l5Cl6.H20 1650 vs 1290 vs
NdL2Cl3 .2H20 1650 vs 1290 vs
Ndl5Cl5 .H20 1650 vs 1295 vs
SmL^Cl^.H20 1655 vs 1290 vs
' G-dL^Cl-,Ho0 1650 vs 1290 vs3 5 2
YbL2Cl5 # 1645 vs 1290 vs
NdL2Br5.K20 1650 vs 1290 vs
HaL^Br^ 1645 vs 1290 vs
- 92 -
3:1:1 Complexes Containing Un-Ionised ligands and Halides.
A strong band found for the free Schiff base near 
-11633cm and assigned to the conjugated C=N stretching
vibration i 130’131'154'135'138'159) is found to be at about 
-11650cm in the adducts. A shift of the C=N stretching
frequency of the free Schiff base to a higher frequency is
characteristic of coordination of the ligand via the azo-
methine nitrogen atoms. This mode of coordination has been
suggested for several metal adducts such as Ti(H2salen)Cl^
(120) Ti(H2salen)Cl^ .THP^1 and Th^salenJCl^.THF^12t2^
U(H2salen)Cl4 . T H F ^ , U(H2s a l p r o p e n ) C l ^ ^ a n d
Th(H2salpropen)Cl^.TH3Pp^^ The C=N stretching frequencies
-1of the free Schiff bases are found between 1630 -1635cm
-1and are observed near 1650 - 1658cm in the metal complexes.
(127)Hart et alv J have observed the same increase on
comparing the C=N vibration of the non-cyclic C=N groups 
in the Schiff base 1,2-bis(2-dipyridine- a -aldimino)ethane 
and that found upon complex formation for a series of lan­
thanide complexes, later, the crystal structure of the 
complex G-a (Schiff base) (NO^)^^^ showed that the ligand 
coordinated through the nitrogen atoms of the azomethine 
group (see Chapter 1).
In addition several Schiff base complexes^^ 
the formulae K(HL)2C1, (where M=Ti4+ ,Sn4+ ,Zr4+ ,Th4+ ,Hf4+) 
and Th(HL)2(U03),'”'44  ^ (Kl-un-ionised bi-dentate Schiff
bases such as N-salicylideneaniline) have been synthesised 
and characterised by therr IR spectra. On the basis of IR
- 93 -
spectra, which show an increase of the C=N stretching fre­
quencies of free Schiff bases upon complex formation
—1( Av (c=N) = +10 to +20cm ), it has been suggested that
these compounds are coordinated via the azomethine nitrogen 
atoms only. We"have also found the same increase in the C=N 
stretching frequency of a similar free ligand (bi-dentate 
Schiff base, N-salicylideneaniline) upon complex formation
in la(HL)Cl3 .2EtOH, La(HL)2 ( N O ^  .2EtOH and Ce(HL)4(NC>3)4 .4H20 
(Av (C=N) = +10 to +15cm“1).
In view of these results, it is surprising that the 
C=N stretching frequency should fall upon complex formation 
when the ligand is fully ionised as in the complexes: 
U(salen)2^ ^ ^  , Th(salen)2^ , Th(salen)Cl2 .2THF^^2^, 
U(salen)Cl2 .2THl!  ^ and Ti(salen)Cl2^140  ^ ( av (C=N)=0
to -25om”b  • crystal structures045,146) ^ggg
complexes have shown coordination through the azomethine 
nitrogen atoms and confirmed the conclusion based on their 
IR".spectra.
It is worth noting that in the case of the Cu(ll) and 
Zn(ll) Schiff base c o m p l e x e s ,Cu(salen) and Zn(salen),
the C=R stretching frequency of the free Schiff base
—1 —1(1637cm ) increased to a higher frequency (1651cm ) .on
complex formation and that the crystal structure of Cu(salen) 
(147) kag presence of chelation through the
azomethine nitrogen atoms.
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Because of the cry st alio graphic evidence*^ * it
seems likely that the frequency of the C=N vibration of a
non-cyclic azomethine group increases on coordination if
the ligand contains an unionised phenolic group or no
phenolic group at all. Should the phenolic group be ionised,
then the C=N frequency decreases for the square-planar
complexes of the divalent 3d- transition metal ions except
Cu(salen) and Zn(salen) (^9) ^ that derivatives of
( 1 2 2 1tetravalent U,Th and Tiv .»*»•/ show decreases or no 
alteration in the C=N stretching frequency.
The reasons for an increase in frequency of the C=N 
stretching vibration of the free ligand upon complex forma­
tion for the unionised ligands could be interpreted in 
the following terms:
(A) - Releasing the strong intramolecular hydrogen bonding 
on complex formation could affect the C=N stretching fre­
quency.
F r e e d m a n ^ h a s  studied the effect of the hydrogen
bonding H •••• N=C on the azomethine stretching mode, and
pointed out that the intramolecular hydrogen bonding affects
the C=N stretching frequency and causes a lowering (e.g. by 
— 1about 7cm in the case of N~salicylideneaniline). However, 
this decrease was said to be less than that expected in 
comparison with molecules containing 0 bonds.
An increase in the C-N stretching vibration is the case
(139}for the sodium salt Nagsalen . ; Here, the C=N stretch-
—  1 —1ing frequency increases from 1637cm to 1673cm and this
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could "be the 11 normal” position of the C=N vibration of
a non-hydrogen bonded, non-coordinated azomethine group.
However; the ionisation of the phenolic group could itself
(127)change the C=N vibrational frequency. It should be noted' ' 
that in the Schiff base complexes with the trivalent lan­
thanide ions investigated by Hart et al which contained no 
0-H group and no hydrogen bonding and the non-cyclic C=N 
group, an increase in the C=N frequency was still observable 
on complexation. Conversely, for the ionised and fully
complexed ligand in Cu(salen) (^9) an increase in the C=N
(139)
frequency'was noted but for Cu(salphen) y a decrease 
was observed.
The shift of the C=N stretching frequency in the lan-
(127) —1thanide complexes' J ( Av(C=N) = 3cm ) is not as much
as that observed in our work for a series of Schiff base
complexes and this bigger increase in the C=N stretching
frequency could be caused by releasing the intramolecular
hydrogen bonding on complex formation.
(B) - It has also been suggested^^“143) -^3^ increase 
in C=N stretching frequency of the free ligand upon complexa­
tion might be due in part to the removal of the azomethine 
group from the conjugated system which could give more double 
bond character to the C=N group which would cause an increase 
in the C=N frequency.  ^1 However, Hart et a l ^ ^ ^  found 
that coordinated 1,2-bis(2-dipyridine-a -aldimino)ethane 
was effectively planar.
(C) - The reason for the displacement of the C=N stretching
frequency could result f?;om the nature of the metal ion and
(1 *31 ^the symmetry of the complex formed.' J
Three absorption b a n d s f o u n d  at 1610 ~1500cm~^ in
the spectra of both the ligand and metal complexes and which
fall in frequency on complexation, are highly characteristic
of aromatic C~C stretching vibrations.
(131) —1There are a number of bands .in the 1470 - 1340cm~
region of the ligand and metal adduct spectra assigned to
C-H deformation and =CH in-plane vibrations.
A very strong absorption -banc[(^ 22>^34*135,139,140)
-1to the phenolic C-0 stretching frequency found at 1280cm
-1in the free Schiff base is observed at about 1290cm in
—1the metal complexes. This slight shift (0 - 10cm ) in the C 
stretching frequency is due in part to releasing the strong 
intramolecular hydrogen bonding during complex formation 
and is indicative of non-coordination (122,140,141-143)
through the oxygen atoms of the phenolic groups.
This small shifting of the C-0 stretching frequency 
of the free Schiff bases upon complexation has also been 
observed in a series of metal complexes with tetra-dentate 
unionised Schiff bases such as T i C ^ s a l e n J C l ^ ^ , 
Ti(H2salen)Cl5.TH?'140i  tKHgSalenJCl^.THF^122), 
U(H2salpropen)Cl,^122i  Th(H2salen)Cl..THP^122  ^ and
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Th(H2s a l p r o p e n ) C l ^ . T H F ^ , where Av(C-0)=-10 to 10cm” ' 
and non-coordination of the oxygen atoms of the phenolic 
groups has been suggested.
These observations have also been made^ ^  for a
series of metal Schiff base complexes of the type M^HLjgCl^ > 
where M=Ti^"+ ,Sn^+ fZr^+ ,Hf^+ and Th^+ and HL=bi-dentate 
unionised Schiff bases such as N-salicylideneaniline , when 
the displacements of the C-0 stretching frequencies were 
about 0 to +10cm upon complex formation. Again it 
has been concluded that coordination does not occur via 
the oxygen of the phenolic group.
Y/e have also found the same displacement in the C-0 
stretching frequency in La(HL)Cl^,2EtOH (HL=N-salicyli- 
deneaniline) which is indicative of non-participation of 
the phenolic oxygen atom in the metal-ligand bonding.
However, if coordination through the oxygen atom of
the phenolic group was the case, then a shift of the C-0
stretching frequency of the free ligand should be eonsi-
-1derable upon complexation. Such a shift of 25 to 80cm 
is observed in a number of metal Schiff base complexes 
such as Cu(salen) ^  '^Ni(salen) (**39) ^ u(salen)Cl2«2THF^^^ , 
Th(salen)Cl2.2THP^122\Ti(salen)Cl2^140  ^ and Cu(l)2 ^134  ^
(li=bi-dentate Schiff bases).
The crystal structural data have also confirmed the 
participation of the oxygen atoms of the phenolate groups 
in the metal-ligand bonding in C u ( s a l e n ) , T i ( s a l e n ) C l 2 
(146) rEh(saien)cl 2T-HP^145  ^ and U(salen)Cl2 .2THP^1 
complexes.
(i^q }
In the sodium salt V , v  Na2salen, the C-0 stretching
-1vibration also increases in frequency by ^ 70 cm as compared 
with the free ligand.
The crystal structures of a dimeric NN*-diethylsali-
2+ C1 4.8)
cylaldimine complex of Ni containing catechol^ ' ' and the
copper Schiff base complex (Cusalen) containing paranitro-
phenol^^^ show non-coordination through the oxygen atom
of the un-ionised phenolic group. As far as we know there
is no crystaliographic evidence for a coordinated oxygen
atom from an un-ionised phenolic group.
(130 135}A bandv 9 assigned to the C-N stretching vibra-
-1
tion with strong intensity is found in the ^  1215cm region
of both ligand and the adducts spectra. This usually decreases
-1in frequency by ^ 10 - 15cm on complex formation.
(131) — 1A group of bands^ ' observed between 1200 - 960cm
in the spectra of both ligand and metal complexes are
assigned to the aromatic in-plane deformation vibrations.
(131) -1A strong absorptionv 1 band appeared near 860cm
in the spectra of the ligand and metal complexes and is 
assigned to =CH out-of-plane vibrations.
/ - 1 ,Z - 4 - « ,2 r 7 ' \
A group of strong bands * 'observed near 860-690cm 
in both the spectra of ligand and metal adducts are assigned 
to the aromatic -CH out-of-plane stretching vibrations.
Because of the vibrations of the nitrate ion in the 
region under discussion these complexes are dealt with 
separately in the next section.
• 5 21s2 Complexes Containing Fully Ionised Ligands.
The main differences in the spectra of complexes with
fully ionised ligand and those containing un-ionised Schiff
—1bases are in two parts: (a) from 4000 to 2500cm which were 
discussed earlier and (b) in the displacement of the C=!T 
and C-0 stretching frequencies (see Table 3.2 and 3*3).
A strong absorption band 30,131,134,135) o^se^ed for 
the free ligand and assigned to C=N stretching frequency
is found in 1625cm region of the metal complexes. This
-1fall in C=N stretching frequency by about 7cm has been
observed in several d- transition metal ion complexes with
fully ionised ligands such as Cu(salphen),Ni(salphen) 
(139^V , where salphen is the ionised Schiff base NN*-o-pheny-
(122)lenebis(salicylidenimine) and also in U(salen)2 ,
' ThCsalenJg^*^ , Utsalpropenjg^*^^ and Th^salpropen^^ 
which is indicative of. coordination through the nitrogen of 
the azomethine groups. Afshar^1^0  ^ has also found the same 
decreases of C=N stretching frequency for ionised Schiff 
bases upon complexation in a series of lanthanide(III)
Schiff base complexes.
The band due to the phenolic C-0 stretching frequency
at about 12800111^ in the free Schiff base^ ^ 9 135 > 139? 140)
-1is obsei'ved at about 1300cm in the metal complexes. This 
considerable shift of the C-0 stretching frequency,corres­
ponds to a fall in frequency if we use the sodium salt for 
comparison instead of the free ligand, is also found for 
several d- transition metal and actinide complexes with 
tetra-dentate Schiff bases such as Cu(salphen)^ ^ 9 )  ^
Ni(salphen) ^ ^9) ^ ThCsalen^^22  ^? U(salen)2^  22 ^ , Th(sal-
propen)2^ 22  ^ and U(salpropen)2122) ^ where Av (c-0)=+2 to
— 1 ■ (150}+80cm . Afsharv ' has also found the same displacement
for the C-0 stretching frequency is a series of the lantha­
nide (ill) Schiff base complexes with ionised tetra-dentate 
Schiff bases. This indicates metal-oxygen bond formation.
Table 3*3 shows the position of the C=N and C-0 
stretching vibrations of the free ligands and the metal 
chelates.
In addition, X-ray crystaliographic studies show that
both oxygen and both nitrogen atoms are coordinated in
Cu(salphen)^^^ and N i ( s a l p h e n ) P T h e  same situation
occurs in U C s a l e n ) ^ ^ ^  and Th(salen)2^ a n d  it is
4+almost certainly the case for Ce with ionised ligand 
to give octa-coordination in these series of Schiff base 
complexes.
“1
Table 3.3 Characteristic Infra-Red Bands (cm ) for the 
Ligands and Metal complexes.
Ligands 
B^sal-I,3pn 
Hgsal-I,2pn 
3-Methoxysalen
G==N(cm"“T) C-0 ( cm  ^)
1633 (vs) 1280 (vs)
1630 (vs) 1280 (vs)
1630 (vs) 1250 (vs)
Complexes 
Ce(sal-1*3pn)2 
Ce(sal-1,2pn)2 
Ce(3-Methoxysalen)2
1625 (vs) 1300 (vs)
1620 (vs) 1295 (vs)
1630 (vs) 1308 (vs)
3:1:3 Conclusions.
The features described above apply to all the lantha­
nide complexes prepared.
The infra-red studies allow us to make important 
conclusions with respect to the mode of coordination of the 
un-ionised ligands.
(a) The rest of the un-ionised Schiff bases show the 
same displacement for C=N and C-0 stretching frequencies 
upon complex formation and the results are shown in Table 3.2.
0>) The intramolecular hydrogen bonded system in the 
free ligand is destroyed on forming the complexes.
(c) Only the azomethine nitrogen atoms participate in 
bonding and thus the ligands are effectively bi-dentate.
Unfortunately, ligands of the type:
I
C
H
(I)
are either unknown or particularly difficult to synthesise 
so that these were not used as a confirming check on the 
above conclusions.
ligands of the type:
OH HO
C =  N
(id
in the un-ionised form did not react with the lanthanide 
ions but the ligand, N-salicylideneaniline:
(III)
formed complexes very easily. This could help us to conclud 
that :
(a) ligand (III) forms complexes with the lanthanide ions 
easily because the nitrogen atom of the azomethine group 
is not sterically hindered by the OH group.
(b) If the coordination was through the oxygen atoms of the 
phenolic groups, ligand (II) should form comp],exes with 
lanthanide ions because the two OH groups are present almost 
in the same position as was the case with all the tetra- 
dentate Schiff bases discussed before. This ligand does not 
form the complexes because the oxygen atoms of the phenolic 
group are not involved in metal-ligand bonding. Therefore 
the nitrogen atom should take part in complex formation as 
it does in the case of ligand (ill) but because the two 
phenolic groups are so close, the nitrogen atom of the 
azomethine group is sterically hindered by them and the 
metal ion has no chance of coordinating with the nitrogen 
atom so the possibility of the complex formation is very 
restricted.
For the ionised ligands, the spectra conform to 
well-established patterns and indicate co-ordination through 
all four (0,N,N,0) available atoms.
3:2 Nitrato-Complexes. ^ ^2)
The nitrate ion (N0^~) of D^h symmetry has four 
fundamental vibrations, namely
V 1(A^) symmetric stretch (Raman active).
out-of-plane deformation (infra-red active).
V^(E ) asymmetric stretch (Raman, infra-red).
V^(E ) in-plane bending (Raman, infra-red).
Three of these are thus IR or Raman active (see Pig.3.4).
This ion is thought to be capable of coordinating as either
(1R3)a uni-dentate, a bi-dentate or bridging ligandv  ^ J (see 
Pig. 3.5).'By coordination either as a mono-dentate or bi- 
dentate group the symmetry falls to C2V or lower and all 
six of the normal modes of vibration (3n-6) become IR and 
Raman active and shifts in band position occur. The degene­
racy of and is lifted (see Pig.3.4).
Uni-dentate bonding ( M-ONC^ ) may give rise to 02^ or
C symmetry depending on v/hether the ( M-O-H ) linkage is s
linear or bent (all atoms being assumed co-planar). Bi-dentate 
or bridging coordination involves the nitrate group of C2V 
symmetry.
The ideas which we shall discuss here regarding bi- 
dentate bonding equally well apply to bridging nitrato- 
groups.
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Under C2V symmetry the ionic E* modes become split 
into and components (Table 3.4) and in addition 
and will split into four components.^1^'Therefore
from infra-red data it is usually an easy matter to dis­
tinguish nitrate groups of ana ^ symmetry but it 
is very difficult to separate uni- and bi- dentate bonding 
on the basis of infra-red spectroscopy alone.
Table 3.4 Correlation table for the nitrate group in D^  
and Cqv symmetry.
Point
Symmetry
Ionic ,(A^)3h
'o/v
V
Biden-
tate
,(A0)
V
v, ,(E)
vg» (B-)) V1 v4»^B2^ v3 v5,v"2,(B0)
(15 5 )Gatehouse et alA have*assigned the following 
frequencies to ionic vibrational modes (D,, ), v
-1 -1
3h4 1 (1050cm-1)
V2 (830cm- '), (1380cm-1) and v (720cm-1)
However, in the infra-red spectrum of the coordinated
nitrate group the frequency of ^2(C2v ) generally occurs
-1in the region 970 - 1035cm ,
1485 - 1710cm'"1
^  lies in the range
v4 in the region 1265 - 1320cm"1 and
are too weak to 
be observed. The difference between the positions of
v6 in 810 -1820cm , Often and v
j b
and .is sometimes used as a measure of the dissymmetry
arising in the nitrate group, for a covalent nitrate such
as CH~NO~ ( v - v )=385cm"1 whereas for NaNO,^1* ^
5 5 1 4  5
( V1-  v4 )= 0 .
In the present work the infra-red spectra of the
nitrate complexes were recorded both as nujol and hexa-
chlorobutadiene mulls between sodium chloride plates. There
was a complete absence of evidence for any ionic nitrate
groups within the complexes in that the characteristic
-1absorption at 1380cm was not observed.
The infra-red spectra of the nitrate complexes were 
compared with those of the ligand and the chloride complexe 
(see Pig. 3.6 and 3*7). The following observations seem 
important.
-1The ligands have absorptions in the regions 1490cm
—1 —1(very strong), 1280cm" (very strong) and 1020cm" (medium)
The chloride complexes have absorptions in the region
—1 —1 —11480cm (very strong), 1290cm (very strong) and 1020cm
(strong).
-1The nitrate complexes have absorptions near 1482cm
—1 —1
(broad and strong), 1282cm" (broad and strong), 1030cm"
(broad) and 820cm (strong). The important point is that 
the bands at 1480 - 1490cm"1; 1280 - 1290cm"1 and 1020cm"1 
in the ligands and in the chloride complexes were consi­
derably broadened, strengthened and occasionally split in 
the nitrate complexes as can be seen on comparing Pigs. 3.6 
and 3.7 and Table 3.5 which show the halide and nitrate
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Pig.3*7 The Infra-Red Features of the Nitrato- and
Halide Complexes
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spectra. Consequently these are probably the frequencies 
at which the coordinated nitrate group absorbs.
A band with strong intensity at 810 -820cm which is
weak for the ligands and for the chloride complexes, may be
Vg. of coordinated nitrate group. Another feature worth
noting is that the infra-red spectra of all the nitrate
-1complexes are very similar in the region 1000 - 1500cm.
This may be so because the absorption of the coordinated 
nitrate groups in the complexes may overlap and obscure 
the ligand bands in this region (see Fig. 3.7). In general 
the nitrate spectra have a quite different appearance 
to those of the halide complexes and the ligands.
The complete list of the absorption frequencies due 
to the (C^v ) nitrato- group is given in Table 3.5.
(157)The IR spectra of anhydrous lanthanide nitrates^ ' 
give: V1 (1400 - 1600cm"1); v4 (1240 -1370cm"1);
Vg (990 - 1060cm" ) and Vg (790 - 804cm"1) showing that 
all the nitrate groups are coordinated.
The IR spectra of the complexes:
Ln('dipyridyl)2 9
ln(4,41 -di-n-butyl-2,2 1 -bipyridine) 2 (NO^) ^  ^
In(5,5!~di-n-butyl-2,21-bipyridine)2(NO^)^^ ,
ln(l ,10-phenanthroline)2(N0^)^^^^5^ ^  ^ ,
{ Ce(2,2 *-bipyridine-1,1-dioxide )^(N0^)2> (C10^)2^ ^ 2  ^,
Ln(1,8-naphthyridine)2 ,
Ln(2,7-dimethyl-1,8-naphthyridine)2(R0^)^^^^^ 9
t (127)Ln { 1,2-bis(2-pyridine- a-aldimino)ethane } (NQ^).* >
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are also indicative of coordinated nitrate groups.
Recent crystal structural data for:
La(dipyridyl)2(N05)5^59\
Tb(dipyridyl)2(NO^)^^1 f 
Ce(N03)52“ ( 6 0 ) ,
Ce(N03)62“ (68K  
Ce(N03)63“ ( 6 7 ) ,
Ce(triphenylphosphineoxide)2 (NO^)^ ^   ^?
Ln(dimethylsulphoxide)^(N03)3 Ln=La3+ and Nd3+, 
Er(dimethylsulphoxide)3(N03)3^ ^ \  
and the Schiff base complex
Gd {1,2-bis(2-pyridine-a -aldimino) ethane } (NO^)^^^.
with nitrate groupsof C2v symmetry,{v (1516,1485,1480cm )
(I335,1295cm"^); (I032cm~^) and (816cm~^)
3+ (127)for the analogous Eu complex'- ' } have shown that all
the nitrate groups behave as bi-dentate ligands thus
confirming conclusions based on their infra-red spectra.
The nitrate groups in the JSchiff base chelates:
Ln {bis(acetylacetone) ethylenediimine )2 (ifO^ )^  ^ ^  5) ^
Ln2 {bis (acetylacetone) ethyl enediimine} ^(NO^)^*^3  ^ and
Ln { bis(o-hydroxyacetophenone)ethylenediimine } o(N0,)-^2^
are shown to be ionic on the basis of IR spectroscopy.
—  1This shows the presence of v 0 (830 and 016cm" ) and
— 1
v 3 (1380cm" ) of I>3ii symmetry,
(93 94 167)Recently a series of amine complexes' * 9 '
of the trivalent lanthanide nitrates show in their IR spectra 
(containing frequencies derived from both and 
symmetries) evidence for ionic and coordinated nitrate 
groups. The compounds, in { (NO^)!^ } ( N O ^  ; LnL^NO^)^ and 
Ln { (R03)2L3 } NO^ ,(where L=1,2 di amino pro pane, ethylene- 
diamine and diethylenetriamine) contain both coordinated 
and non-coordinated nitrate groups. In these series of 
compounds the decreasing ionic size of the lanthanide ions 
results in lowering of coordination number. This is achieved 
by the loss of coordinated nitrate groups.
To date there is no structural data available to con­
firm the existence of uni-dentate nitrate ligands in 
lanthanide complexes.
The conclusions from the previous section (IR) are 
that the Schiff base ligands act as bi-dentate groups 
and that the nitrate ions are coordinated and will be 
bi-dentate should the established crystaliographic patterns 
be followed. This discussion clearly limits the possibilities 
with respect to the coordination numbers of these complexes. 
This point is followed up in the discussions of the far- 
infrared spectra and the hypersensitive transitions in the 
neodymium complexes.
-  -
3:3 Diffuse Reflectance Spectra.
The electronic spectra of the trivalent lanthanide ions 
consist of sharp, relatively weak, absorption bands (see 
earlier discussion) in the near ultra-violet, visible and 
near infra-red regions. The spectra are less influenced by 
chemical environment than the spectra of the d-electron 
transition metal ions. The sharp lines have been assigned 
to laporte-forbidden 4fn + 4fn t r a n s i t i o n s ^ C e r t a i n  
broad and intense bands observed in the ultra-violet region 
are identified as Laporte-allowed fn fn“^nd transitions^ 
which would be expected to be more sensitive to changes 
in environment.
However, in the present work, strong ligand absorption oc­
curs in the same region and it was not possible to separate 
the essentially metal ion fn fn~^nd transitions from 
those of the ligand. Only for simple cases, e.g., the halide 
c o m p l e x e s I n X g 3*”, is it possible to relate the ultra­
violet absorption to a set of theoretical energy levels 
derived from the ligand symmetry.
The diffuse reflectance spectra of the Schiff base 
complexes of the lanthanide ions have been recorded in 
the range 50000 - 5000cm both at room temperature and 
liquid nitrogen temperature and the results are reported in 
Table 3.6. The assignment are made in the following v/ays:
-1The * absorption bands above 20000cm have been mainly 
assigned to the charge-transfer transitions as a result of
their frequency and intensity*These hands are present in
all the complexes and, in particular, in those of lanthanum
where no f -*f transitions are expected * These absorptions
obscured some of the f - f lanthanide ion absorption
— 1bands which occur in this region (50000 - 20000cm ).
The f ->■ f transitions occurring in the visible and
near infra-red regions have been assigned according to the
assignments of the free metal i o n s ^ ^ ^  (see Pig. 3.8) and
(5)those of the metal ion in different chemical environmentsv ' 
and the results are listed in Table 3.6 and the figures 
are shown in Pig. 3.9./ Our results show a good measure of 
agreement with the literature assignments.
The bands due to overtones of infra-red active ligand 
vibrations which normally appear in the near infra-red region 
have been assigned by taking note of the absorption bands 
of the ligands and any absorption bands present in the 
spectra of the lanthanum and gadolinium complexes which 
contain no .f .-»• f transitions within the range observed 
(Pig. 3.9).
Por the same metal ion with a given ligand and for a 
given transition it was noted that the absorption band of 
the halide complexes was usually split to a greater extent 
than for the nitrate complexes (see Pig. 3.10). These split­
tings usually occur as a result of the site symmetry of 
the ligand field surrounding the central metal ion. Prequently 
a greater degree of splitting of the d - d  bands and f - f
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bands^°*?^  occurs when the central metal ion is situated 
within a ligand field of lower symmetry* It is possible to 
assume that the ligand field surrounding the central metal 
ion in the case of the halide complexes is of lower symmetry 
than that of the nitrate complexes. If the central metal 
ion is surrounded by 10 to 12 donor atoms as is the case 
in the nitrate complexes and 8 to 9 donor atoms in the 
halide complexes then the overall symmetry of the halide 
complexes could well be the lower. This would be one possi­
bility to explain the observations made in these series 
of complexes.
However, unlike the d - d  transitions, one cannot 
draw any certain conclusion from the f - f transitions as 
to the symmetry of the ligand field surrounding the central 
metal ion except in cases where the molecular structure 
has been determined by diffraction methods.
For Nd Schiff base complexes some of the f - f
-1absorption bands in the range 20000 - 50000cm are
obscured by the charge transfer spectrum of the
A 2
ligand ; A transition assigned to  > G7/2 ot,served
„  A
near 19600cm ' is sensitive to the environment of the metal
-1ion. A second absorption^near 17600cm is very broad and
intense and fr^o-ueiftly fine structure due to ligand field
effects be observed. This band is causedby transitions
4 2
fronrthe ground state to the ^5/2 arL^  ^7/2 -*-eve-*-s an<^  
snows remarkable changes in intensity for different ligand 
fields (hypersensitivity). Because of the high intensity
of the hand the ligand field components are more likely 
to he observed in experimental spectra. The two excited 
multiplets have J = 5/2 and J = 7/2 so that a maximum 
of seven excited ligand field components can sometimes be 
distinguished.^1" ^
The two absorption bands due to the transition from
4 2
the ground state to ^3/2 an^ ^9/2 leve -^s are observed bet-
-1ween 13500 - 12000cm and are less sensitive to the 
ligand field than the others.
An absorption band which is free from other multiplets
and is assigned to the transition from the ground state
4 4I9/2 to the -^3/2 level occurs in the near infra-red
3+ —1region of Nd spectra (5800 - 6100cm ). This can give a
maximum of only two ligand field levels but is always masked
by ligand vibrations in our compounds.
(5} 3+ -1The hypersensitive transitions ' of Sm at 6200cm
3+ -1and Ho at 22200cm were obscured by the ligand absorp­
tions in these series of complexes.
There v/as no attempt made to prex^are the Schiff base
3+ 3+ 3+ 3+complexes of Eu ,Dy ,Er and Tm ions to compare their
hypersensitive transitions with those of compounds of known
structure.
No assignment v/as made for the absorption of the ligands
— 1 3' — 1below 10000cm and also for Pr complexes at 13000cm .
It should be noted that the hypersensitive transitions 
3+of Nd are the most widely studied ones.
Table 3.6 Electronic Absorption Spectra of Lanthanide
Schiff Base Complexes.
2Ce3+ E
CefHgSalenJgCl^.2H20
—1Frequency maxima (cm ) 
R.T.
45500 b 
36000 b 
31800 sh 
24400 b
(6800)
5800 (4.0) 
5000
Charge
transfer
5/2
Ce(H0sal-1,3pn)Cl,.2HL0
-  ^   o 2
— 1Frequency maxima (cm ) 
R.T.
45000
39400
35000
25000
b
sh
b
b
(6800)
5800 (4.9) 
5600 
(5200)
5000 (6.4)
Ce(H2sal-1,6hex)2Cl^
-1Frequency maxima (cm ) 
R.T.
46200
35800
30800
25400
b
b
sh
b
5800 (1.5)
(5400)
Ce(H2sal~1,6hex)^Cl^
—1Frequency maxima (cm ) 
R.T.
46000
35000
31000
25000
b
b
sh
b
5800 (3.8) 
5000
Key: Frequencies between brackets are shoulders.
Frequencies without brackets are weak absorptions. 
Frequencies followed by figures between brackets 
(arbritary scale) are strong absorptions.
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Table 3.6 (continued)
Pr5+ - 3H
Pr(H0sal-1,6hex)o(N0,)
3 3
R.T.
Frequency maxima (cm )
L.N.T.
45800
36800
b
b
Charge
transfer
458G0
36800
b
b
26400 b 26400 b
19550 19550
19000 19000
(17300)
%
(17300)
17200 (5.3) 17200 (5.4)
(16800) (16800)
(13700) (13700)
13500 (3.6) 13500 (4.2)
12450 (3.7) 12450 (4.1)
(11380) (11380)
(10000) 
9700 ( 1.0) \
(10000)
9700 ( 1.'
8700 ( 1.0) 8700 ( 1.'
8200 8200
6800 6800
6400 (4.4)
\
6400 (4.6)
(6000)
T
(6000)
5800 5800
(5600) (5600)
5100 (4.0)
Ooin (4.1)
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Table 3.6 (continued)
Pr(H2salen)2Cl^.H20
— 1Frequency maxima (cm ) 
L.N.T.
46000 b
38000 sh
35000 b
25400 b
23800 b
19000 (1.5)
(17300)
16900 (1.4)
(16600)
14500 
. 13400 (1.2) 
13200 (1.2)
12300
9700 ( 1.0)
8500
(7000)
6600 (2.4)
5800
(5400)
5000 (2.9)
Pr(Hgsalen)2(NO,),
_ -1
Frequency maxima (cm ) 
R.T.
46000 b
37000 b
33600 sh
25000 b
18900 (1.5) 
(17400)
17000 (1.9)
(16600)
14600
(13600)
13500 (1.0) 
(13100) 
12400 (1.0) 
11200
7300
(6900)
6400 (1.7)
(5950)
5050 (2.2)
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Table 3.6 (continued)
Pr(H.2 sal-1,6bex)^Cl^
Frequency maxima (cm ) 
R.T.
46000 b
37200 b
34800 b
31000 sh
24950 b
17190 (3.2)
16900 (3.2)
(13500)
13150 (2.4)
(12950)
9400 ( < 1.0)
8150
7200
(6950)
6600
5800 ( 3.0)
5200 (3.5)
Pr(H2sal-1,6hex)2Cl,.2H20
“1Frequency maxima (cm ) 
R.T.
46000 b
37500 b
34400 b
31200 sh
25000 b
17300 (2.5)
17000 (2.6)
14500
(13400)
13200 (1.9)
12300 (2 .0 )
8700 ( < 1 .0)
8200
7200
(6900)
6500 (2.0)
5800 (2.3)
5100
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Table 3.6 (continued)
Pr2(H2sal-1,6hex)v;Clg
— 1Frequency maxima (cm ) 
R.T.
45800 b
39100 sh
36000 b
25000 b
(17390)
17200 (3.7)
(16650) 
(13400)
13200 (3.1)
(13050)
12950
12200 (3.3)
9500 (< 1.0)
8200
(7000)
6500
(6000)
5900
5100
Pr(H2sal-1,2pn)2(NO )5 .H20
— 1Frequency maxima (cm ) 
R.T.
45600 b
35600 b
32600 sh
24600 b
18600 
18000 
(17400)
17000 (4.0)
(16400)
13600
13500 (3.0)
(13400)
12400 (3.1)
12200 
9800 (1)
7100
(6800)
6300 (2.7)
(5800)
5050
Table 3.6 (continued)
Pr(H2sal-1,2pn)2Cl^.H20
Frequency maxima (cm )
R.T. L.N.T.
37000 b
25400 b
21800 sh
(19400)
18800 (2.5) 
(18600)
17200 (2.9)
16800 
(16600)
(16400)
14400 ( < 1.0)
13200 (2.4)
(12900)
12200 (2.0) 
11200 ( <1.0)
8500 ( <1.0) 
8200
(6800)
6500 (2.8)
6000
5800
37000 b
25400 b
21800 sh
(19400)
18800 (2.3) 
(18600)
17200 (2.7)
16800 
(16600)
(16400)
14400 ( <1.0)
13200 (2.4) 
(12900) 
12200 (1.9) 
11200 ( < 1.0) 
8500 ( <1.0) 
8200
(6800)
6500 (2.6) 
6000 
5800
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Table 3.6 (continued)
Pr(H2sal-1,3pn)2Cl3 .2H20
Frequency maxima (cm ) 
R.T.
46000 b
35400 b
31000 sh.
23600 b
18800 (3.1)
(17300)
17100 (3.0)
16900 (3.1)
(16400)
14400
13200 (3.0) 
12200 (2.4)
11200
9800 (< 1.0)
8600
8200
(6800)
6500 (3.5)
6100
5800 (4.0)
(5600)
5050 (4.7)
Pr(H2sal-1,3pn)2 (NO^)^.HgO
— 1Frequency maxima (cm ) 
R.T.
46000 b
36000 b
33400 sh
25000 b
(19750)
19550
18950 (3.5)
(17400)
17050 (3.6)
13400 (2.0) 
(13000)
12400 (2.5)
9900 ( <1)
(7200)
(7000)
6400 (2.8) 
(5800)
5000
Table 3
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6 (continued)
Nd5+ - 4I9/2
Nd(H0sal-1,3pn)o(N07)
3'3
— 1Frequency maxima (cm )
R.T
45200
36800
32400
27000
b
b
sh
b
(19700)
19400
18900 (3.5)
(18600)
(17400)
17000 (7.5)
(16580)
15900 (< 1.0) 
14600 (1.0)
(13500)
13400 (5.0)
12350 (4.8)
(11400)
8600 ( < 1.0) 
7200 
6800
Charge
transfer
'G9/2
~G
'K
G
kG
7/2
13/2
7/2
5/2
’H
F
4F
11/2
9/2
53/2
7/2
5/2
3/2
L.N.T.
45200
36800
32400
27000
b
b
sh
b
(19700)
19400
18900 (3.8)
(18600)
(17400)
17000 (8.0) 
(16580)
15900 (< 1.0) 
14600
(13500)
13400 (5.8)
12350 (5.3)
(11400)
8600 ( < 1.0) 
7200 
6800
5800 (1.9)
(5400)
5800 (2.2) 
(5400)
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Table 3.6 (continued)
Nd2(H2sal-1,2pn)3(NO,)6
— 1Frequency maxima (cm )
R.T. l.N.T.
45500 b
37000 b
31000 sh
26400 b
(19750)
19400 
(19000)
18800 (7.0)
(17200)
17000 (15.2) 
(16600)
15800
13400 (8,0) 
12400 (7.6) 
(11400) 
8600 (< 1.0) 
8200
45500 b
37000 b
31000 sh
26400 b
(19750)
19400 
(19000)
18800 (7.3)
(17200)
17000 (15.5)
(16600)
15800
13400 (8.2) 
12400 (7.7)
(11400)
8600 (< 1.0) 
8200
(6100)
5800 ( 3.8) 
5100
(6100)
5800 (4.0) 
5100
Table 3.6 (continued.)
Nd(H2sal-1,6hex)2C1^.2H20
Frequency maxima (cm ) 
R.T.
46000 h
39000 sh
36200 b
25300 b
19400
18700 (2.5)
(18000)
(17380)
17100 (3.8) 
17000 (3.8)
(16680)
(14600)
14410 (1.6)
(14000)
(13400)
13200 (3.0)
12300
(11200)
8200 ( <1 .0)
7200
6600
(6400)
Nd2(H2sal-1,6hex)^Clg.Ho0
— 1Frequency maxima (cm ) 
R.T.
45000 b
36800 b
34000 sh
26000 b
(19300)
18800 (3.5)
17400
(17200)
16900 (5.6)
(16400)
14500
(13400)
13200 (4.2)
12300 (4.1)
(11400)
5900 (2.1)
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Table 3.6 (continued)
Nd(H2 sal-1 ,6]iex)2Br,. ,H20
—IFrequency maxima (cm ) 
R.T.
45500 b
39000 sh
34500 b
27000 sh
24000 b
19500
(19000)
18800) (2.5) 
(18580)
18200
(17400)
17000 (3.8) 
(16700)
(16500)
14750 ( <1.0) 
14450
(13500)
13100 (5.0) 
12950 (3.1)
8200 ( <1.0) 
7100 
6700 
(6100)
5800 ( 2.0)
5600
5400
Kd(H2sal-1,6hex)2(N0j)^
Frequency maxima (cm ) 
R.T.
45000 b
37000 b
32000 sh
25600 b
(19400)
19000 (3.0) 
(18300)
17100 (4.4)
14700
(13600)
13400 (3.4)
12400 (3.5)
(11400)
8400 ( <1.0) 
7200
5950 
5800 (1.2) 
(5400)
5200
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Table 3.6 (continued)
Nd(H0 sal-1,2pn)„Cl,. H„0
-1Frequency maxima (cm )
R.T.
37400
26400
b
b
19800
(19600)
19400 
18800 (2.5) 
18600 
(18400)
17100 (4.3)
16900 (4.2) 
(16600)
(16430) 
15700 ( <1.0) 
14400
13200 (3.5)
(12950)
12200 (3.0) 
11200
8400
6930
(6100)
5800 (1.5)
5100 
5000
l.N.T.
37400
26400
b
b
19800
(19600)
19400
18800
18600
(18400)
(2.5)
17100 (4.3)
16900 (4.2) 
(16600)
(16430)
15700 ( <1.0) 
14400
13200 (3.5)
(12950)
12200 (3.0) 
11200
8400
6930
(6100)
5800 (1.5)
5100 
5000
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Table 3.6 (continued)
Nd(H2sal-1,3pn)2(N03)5 .2H20
—1Frequency maxima (cm ) 
R.T.
45400 b
36200 b
33000 sh
25000 b
(19500)
18900 (2.8)
(18200)
(17400)
17000 (5.0)
(16650)
(13550)
13400 (3.6)
(13300) 
(13050)
12400 (4.0)
(11400)
7300 ( <1.0)
5800 (1.8)
(5100)
Nd(H2salen)2Cl5 .2H20
— 1Frequency maxima (cm ) 
R.T.
45800 b
37600 b
33000 sh
26000 b
23000 sh
(19800) 
(19500)
18900 (4.3)
(17400)
17000 (4.8)
(16700)
13500 (3.8)
(13200)
12400 (4.3)
(11400)
8600 ( <1.0)
7300 (1.5)
6950
5900 (2.8)
(5400)
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Table 3.6 (continued)
N&2(H2salen)3(N03)g
— 1Frequency maxima (cm ) 
R.T.
45400 b 
37000 b 
26000 b
(19680) 
(19500)
19350
18800 (6.0)
(17200)
17000 (13.0) 
(16600)
15800 
15400 '
14600 (3.1)
13500 (7.8)
(13200)
12400 (7.6)
11600 (2.5)
9700
7300
6800
5900 (3.7)
5150
Nd(H2salen)2(N0,),.2H20
Frequency maxima (cm ) 
l.N.T.
45000 b
35600 b
24600 b
(19750)
19500
19400 (2.0)
(18950)
18900 (2.9)
(17350)
17200 (7.5)
17000 (8.3)
(16520)
15900
14600 (< 1.0)
13400 (4.0)
12380 (3.8)
11350 (< 1.0 )
8500
7200
5900 (1.5)
(5400)
5000
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Table 3.6 (continued)
Nd(H2salen)2Cl3 .H20 Nd(H2salen)2Br3 .2H20
— 1Frequency maxima (cm ) 
R.T.
46000 b
37900 b
33850 sh
26000 b
23500 sh
19500
18900 (1.7)
(17300)
17000 (2.5)
(16700)
16300
14500
13500
13300 (2.4)
12300 (2.6)
6000 (2.0)
5200
“1Frequency maxima (cm ) 
R.T.
46400 b
36600 b
31800 sh
25000 b
19400 
18600
(17350)
17000 (5.0)
(16430)
14500
(13400)
13100 (3.8)
(12920)
12300 (3.5)
11200
(6200)
5800 (2.0)
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Table 3.6 (continued)
Nd(H2sal-1,3pn)2Br3 .2H20
—1Frequency maxima (cm ) 
R.T.
45000 b
38200 sh
35000 b
25000 b
19400
(19000)
18600 (3.8)
17400 (5.4)
17000 (5.5)
16800
(16600)
(16500) 
(16300)
13500 (3.0)
13250
12300 (2.9)
11300
(6200)
5800 (2.0)
(5000)
Nd(H2sal-1,3pn)2Cl5.H20
Frequency maxima (cm ) 
l.N.T.
45000 b
37200 b
32600 sh
25600 b
19400 (6.0)
(19006)
18800
(17300)
17200
19650 (5.6)
(16800)
(16400)
15700
(14700)
14500 (1.1)
13200 (4.9)
12300 (4.3)
(11200) 
8600 ( <1 .0 )
8200
6800
(6200)
5800 ( 3.0)
(5600)
5000
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Table 3.6 (continued)
Nd(H2sal-1,6hex)3Cl5 .H20
— 1Frequency maxima (cm ) 
R.T.
45000 b
35500 b
31200 sh
25000 b
(19400)
18800 (3.5) 
(16600)
(17400) 
(17200)
17000 (4.4) 
(16600)
16400
14500
(13500)
13200 (3.7)
12300 (3.8)
(11200)
(6200)
5800 (2.6) 
(5300)
NcUHgSal-l ,6hex)_Br^
“ 1Frequency maxima (cm ) 
l.N.T.
47000 b
44200 b
37000 b
34600 b
30800 sh 
24800 b
19400 (3.7)
18800 .
(17500)
17200 (3.0) 
(16950)
15900 (1.0)
14800 
14400
13600
13200 (2.3)
(13100)
12500
12300 (2.4)
8400 (< 1.0) 
7200 
6800 
(6300)
5800 (1.8)
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Table 3.6 (continued)
Sm3+ - 6H5/2
Sm(H2 sal-1,3pn)2.Cl,.2H?0
— 1Frequency maxima (cm )
R.T. L.N.T.
37500 b 37500 b
Charge '
33200 sh A ■ 33200 sh
transfer
26500 b 26500 b
10400 11/2 10400
9200 (5.1) S g ,2 9200 (4.8)
8600 8600
(8100) (8100)
8000 (5.0) , 8000 (4.9)
Jj*
(7800) 5'2 (7800)
7200 7200
(7000) (7000)
6600 (5.5) 6600 (5.2)
6400 ! 6400 
(6100) (6100)
5800 (5.1) 5800 (5.1)
(5600) (5600)
5400 5400
5000 5000 (5.5)
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Table 3.6 (continued)
Snig (H2sal-1,2pn)3Clg
Frequency maxima (cm ) 
R.T.
45000 b
37000 b
32000 sb
24000 b
10400 ( <1 .0 )
• 9000 (2.8)
7950 (3.5)
7000
6600 (3.0)
(6300)
5900 (2.5)
5300
5000
Sm(H2sal-1,2pn)2Cl3 .2H20
— 1Frequency maxima (cm ) 
R.T.
46000 b
37000 b
33000 Sh
25000 b
10400 ( <1.0 )
9100
7950 . (2.3)
7100
6600
(6200)
5800
Table 3.6 (continued)
Sm(H2salen)2Cl3
— 1Frequency maxima (cm ) 
L.N.T.
45000 b
37150 b
33000 sh
25000 b
23000 sh
10400 
9050 (3.0)
8500
7900 (4.0)
7000
6600
(6100)
5800 (2.3)
5500
5000
Sm(H2sal-1,6hex)3Cl3 .E^O
—1Frequency maxima (cm ) 
R.T.
46000 b
36000 b
31400 sh
25000 b
10500 
9100 (2.5)
8600 
8000 ( 3 . 8) 
7100 
(6950)
6600 (2.9)
6300 
(6100)
5600 (3.1)
(5400)
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Table 3.6 (continued)
Gd - S ^ 2
Gd2(H2salen)3Gl6 Gd(H2salen)2 (NO^)^
Frequency maxima (cm”1) Frequency maxima (cm~
R.T. R.T.
45700 7) 46000 b
37300 b Charge 37200 b
320 00 sh transfer 32600 sh
26000 h 25000 b
(6600) 5800 (1 .8)
5900 (1.4) 5400
(5400)
Gd(H2sal-1 f2prj.)2(N05)3 .H20 Gd(H2sal-1,2pn)2Cl3 .H20
“1Frequency maxima (cm ) “1Frequency maxima (cm )
R.T. R.T.
46000 b 46000 b
36400 b 36600 b
32100 sh 32200 sh
25000 b 25000 b
6950 5850 (2.5)
5950 (2.2) 5000
Table 3.6 (continued)
Gd(H?sal-1,3pn)2(H0„),.H20
Frequency maxima (cm ) 
R.T.
46000 b
36400 b
32100 sh
25000 b
Gd(H2sal-1,3pn)2Cl3 .2H20
“1Frequency maxima (cm ) 
R.T.
45800 b
37200 b
34000 sh
26800 b
5900 (2.5) (6800)
5000 5950 (1.8)
5480
G-d(H0sal-1,6hex)-Cl_ .Ho0 
 £ 3 3 £
Frequency maxima (cm )
45000 b 45000 b
36000 b 36000 b
31400 sh 31400 sh
25000 b 25000 b
5800 (2.5) 5800 (2.5)
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Table 5 6 (continued)
3+ F- Ho - " I
Hog(HgSalenJ^Clg 
Frequency maxima (cm )
R.T. l.N.T.
37200 b 
34200 sh 
25000 b
Charge
transfer
19000
(18600)
18400 (3.0) 
(18200)
(15600)
15400 (2.6) 
(15000)
8500 
7200 
5800 (3.8) 
(5000)
F
F,
37200 b 
34200 sh 
25000 b
19000 
(18600)
18400 (3.0) 
(18200)
(15600)
15400 (2.6) 
(15000)
8500 
7200 
5800 (3.8) 
(5000)
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Table 3.6 (continued)
Ho(HgSal-l,3pn)pCl,.HgO
Frequency maxima (cm ) 
R.T.
37600 b
34000 b
26150 b
19100
(18600)
18500 (4.8)
(18200)
(15600)
15400 (3.6)
15000 (3.5)
14800
8600 (3.6)
8100 (3.5)
7800
(6600)
5900 (6.0)
(5600)
5000
Ho(Hgsal-1,2pn)2Cl,.H20
Frequency maxima (cm ) 
L.N.T.
38200 sh
36000 b
32000 sh
24000 b
19050
(18600)
18500 (3.3)
(18200)
(15600)
15400 (2.8)
(15200)
8600 (2.7)
8200
7200
(6600)
5800 (3.5)
(5000)
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Table 3 6 (continued)
Yb3+ - 2F7/2
Yb(H2sal-1,6hex)2Cl
Frequency maxima (cm )
R.T. l.N.T.
46600
37400
33200
26800
b
sh
sh
b
Charge
transfer
11000 (2.3) 
(10700) (2.3) 
10200 
9600
8700 ( < 1 .0 ) 
8200 ( < 1.0)
6950 (2.3)
5950 
(5600)
5200 .
'F7/2
46600
37400
33200
26800
b
sh
sh
b
‘F
11000 (2.3) 
(10700) (2.1) 
5 /2 10200 
(9600)
8700 ( < 1 .0 ) 
8200 ( <1.0)
6950 (2.3)
5950 
(5600)
5200
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Table 3.6 (continued)
Ybp (H2salen),Clg.H,-,0 Yb(Hg salen)^(NOjj
Frequency maxima (cm ) Frequency maxima (cm 
R.T. R.T.
46000 b
37000 b
31400 sh
26400 b
45800 b
37700 b
32600 sh
26000 b
10950 (2.1) 
10300 (2.0)
10600
10400 (2.2)
(7250)
6800
5900 (1 .5)
5200
5800 (2.2)
Yb(H2sal-1,2pn)2Cl5 .2H20
R.T.
46000 b
37200 b
34000 sh
26000 b
10900
10300 (2.0)
8500 ( < 1.0) 
8400 
(6800)
5980 (2.1)
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Table 3 06 (continued)
YbCH^sal-l ,6hex)2(NO^,)^
Frequency maxima (cm )
R.T. l.N.T.
45800 b 45800 b
37400 b 37400 b
32600 sh 32600 sh
26000 b 26000 b
10600 (1.9)
10200 (2.1) 
5950 (1.5)
10600 (1.8) 
10200 (2.0) 
5950 (1.3)
Pi
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3:4 Hypersensitivity of Absorption Bands and Coordination 
Numbers.
It is often observed that certain absorption bands of 
the lanthanide ions show intensification due to complex 
formation while most of the other band.. intensities remain 
unaffected. The transitions giving rise to these bands are 
often called hypersensitive.
According to the solution studies of Jorgensen and 
(23)Juddv J the hypersensitivity is due to the nonhomogenity
of the field generated and polarizab.ility of the solvent
molecules. They have mentioned that these hypersensitive
transitions are pseudoquadrupole in nature. They usually
obey the selection rule , ‘ AJ= + 2. The J value of the excited
state is two units lower than that of the ground term with
/  c \ f  1 7 1 }
few exceptions. ' Judd ' has also suggested that the 
hypersensitive lines are strongly affected by changes in 
symmetry of the field exerted on the lanthanide ions.
Since the crystal structures of many lanthanide com­
plexes have been determined, the hypersensitive transitions 
have been the subject of several studies.>^4*25,42,172,17>)
( 2 5 4 2 1 ^ 3 )
Recently Karraker 9 has demonstrated how
3+ 3+ 3+hypersensitive transitions for Nd ,Ho and Er complexes
can change depending upon the symmetry of the field surround­
ing these cations and the coordination numbers v.rere deduced 
through these transitions.
In the present work the hypersensitive transitions 
in the absorption spectra of solid neodymium(III) Schiff 
base complexes show differences that are characteristic 
of the coordination number and the ligand symmetry around 
the lanthanide ions. These conclusions are based on com­
parison of hypersensitive transitions in the absorption 
3+spectra of Nd , 8,9*10, and 12- coordinate Schiff base
3+complexes with those of the spectra of Nd complexes 
for which the coordination number is known from crystallo- 
graphic work.
3 :4:1 General Methods.
Nd2Mg3(N05)12.24H2Cr67) and Kd(dipy)2(N03)3 ^174' we re
prepared using published methods. The crystal structures
( 5 9  67)
of these two compounds 5 J show them to be 12 and 10” 
coordinate respectively.
( 1 7 3 ) 3 +The reported absorption spectrav ' of Nd ion in 
aqueous solution containing various concentrations of 
electrolytes such as HC1, LiCl and HCIO^ and those of the 
compound Nd(BrO^)^.9^0 were compared with spectra of Nd 
ion complexes involved in the present work.
3:4:2 Nitrate Complexes.
3+The absorption spectra of the Nd ion were measured 
by diffuse reflectance in four regions of strong absorption 
for the solid complexes:
(a) Nd2Hg3(N03)12.24H20 ; (b) Nd(dipy)2(N03)3 ,
(c) Ndl2(N03)3 .2H20 L = H2sal-1,3pn and H2salen,
(d) Nd2l3(N03)g L = H2salen and H2sal-1,2pn and
(e) Ndl2(N03)3 L = H2sal-1,3pn and E2sal-1,6hex.
These regions are sensitive to ligand field effects.
4The bands observed involve transitions from the I ^ 2
2 4*
ground state to the states ^9/2 * 5/2 ( ^ 1 2500cm- ),
to 4S3/2 , 4P7/2 (~ 13500cm-1), to 4G5/2 > 2G7/2 (-'17500
"1 n a 0 _ +
cm” ) and to ^ 13/2 9 7/2 9 G9/2  ^^ 9500cm" ).
The main differences between the spectra of 
Nd(dipy)2(N03)3 and Nd^Mg^NCy) 12.24H20 are:
(a) A band near 19500cm-*' in Nd2Mg3(N03)^.24H20 has 
a pronounced low frequency shoulder.
(b) A band near 17500cm-1 in Nd(dipy)2(N03)3 has two 
pronounced shoulders absent in the magnesium 
double salt.
—1(c) A band near 13500cm shows no appreciable difference
- 170 -
—1and (d) A band near 12500cm has an extra high frequency 
shoulder in the spectrum of the magnesium double nitrate.
Although these differences are fairly small, the spectra 
are very different from those of compounds with lower coordi­
nation numbers (see later).
All four bands in the spectrum of N&2(H2salen)3(N03)g
and Nd2(H2sal-1,2pn)3(N03)g closely resemble those of
Nd(dipy)2(N03)3 (see Pig.3.11). This indicates 10— coordi-
3+nation for the Nd ion in these Schiff base complexes.
34-
All four absorption, bands of the spectrum of the Nd
ion, both in Nd(H2sal-1,3pn)2(N03)3 .2H20 and Nd(H2sal-1,6-
hex)2(N03)3 are quite similar to those of the Nd^+ in
Nd2Mg3(N03)12.24H20 (see Fig.3.12). This suggests a coordi-
3+nation number of 12 for Nd in these complexes.
All four bands of the Nd''*4’ ion in Nd(H2sal-1,3pn)2(NO^)^ 
and Nd(H2salen)2(NO^)^.2H20 have shapes intermediate between 
those of Nd2Mg3(N03)^2.24H20 and Nd(dipy)2(N03)3 and could 
thus be either 12,11 or 10— coordinate (see Fig.3.13).
5 ;4:3 Chloride and Bromide Complexes.
Nd(Br03)3 .9H ^0 is known from crystallographic analysis 
^47) to be nine-coordinate. The spectrum cf this compound
/ -j ^
has been publishedv ' and the two hypersensitive transi-
, . 4 2 4 2 -1
tions , ^9/2— ^ ^13/2 * ^7/2 9 **9/2 * near 19000cm
4 .^ . 4 2 -1
and -*-9/2—  ^5/2 9 ^7/2 9 near  ^7000cm are shown in
Fig.3.14. These two are the most sensitive transitions in
the halide complexes and were the only ones considered in 
the present work. It should be noted that the main diffe­
rences between the spectra of the 9~coordinate NdCBrO^)^.9H20 
and those of the 12— coordinate -NdgMg^ (NO^) ^ 2 •24H20 and 
10-coordinate Nd(dipy)2(N03)3 for the transitions at 
~ 19000cm-1 and ~ 17000cm 1 are that the Nd^+ ion in the 
9-coordinate NdXBrO^)^ .9H20 has much more pronounced low 
frequencies shoulders in these regions of the spectra,
(see Fig.3.11, 3.12 and 3 .14).
3+The two absorption bands observed for Nd due to the
% / 2  * -G5/2 ’ G7/2 and 4l9/2 * K 13/2 * ^7/2 * G9/2
transitions in Nd(H2sal-1,2pn)2Cl3 .H20 correspond best in 
band shape to those of the known structure of the 9=coordi­
nate Nd^+ ion in Nd(Br03)3.91^0, which is indicative of the
3+same coordination number for Nd ion in these two compounds 
(see Fig.3.14).
Hypersensitive^1 and normal absorption bands of
Nd^+ in 9-coordinate NdtBrO^)^.9H20 at ~ 19000cm-1,
^ 17000cm 1, ~ 13500cm-1 and ^ 12500cm 1 all closely resemble 
3+those of the Nd ion in aqueous solution. Therefore the
3+coordination number suggested for Nd ion is 9 in the 
hydrated form, Nd(K20)^"r.
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It has been noted^*^ that the hypersensitive and
34-normal absorption bands in the spectra of the aqueous Nd
ion change in shape as the concentration of electrolyte
increases from 0 to 12M for HC2, LiCl and HC10,. This is
based on a comparison with the absorption spectra of the
3+9-coordinate and 8-coordinate Nd ion, the shape change
3+in the aqueous Nd ion spectra is evidence of a change in
3+the coordination number of the hydrated Nd ion from 9 in 
dilute solution towards 8 in a concentrated solution of an 
electrolyte. In concentrated chloride and perchlorate solu­
tions it' appears likely that all the lanthanide ions are
3+8-coordinated and possibly contain the LnCB^COg ion.
(in strong chloride solution trivalent actinide ions exist 
as chloro- complexes. The explanation for the successful 
group separation of the trivalent lanthanides and actinides 
by ion-exchange or solvent extraction from strong chloride 
media may depend upon the existence of lanthanide and 
actinide ions as different species).
3+The hypersensitive transitions of Nd ion due to
*Ig/2 -- > 4(J5/2 ■ »2&7'2 1'7°00cm_1) in solid NdL5X5 .H2C
(where X=Cl,Br and L^^sal-1,6hex) ; Ndl^X^.n^O (where n=1
or 2, X=Cl,Br and L=H2salen and ^sal-l ,6hex),
Nd(H2sal-1,3pn)2Cl^.H2O and Nd2(sal-1,6hex)^Clg.I^O show
great similarity to those of hydrated Nd^+ ion in different
3+acidic media and possibly the coordination numbers for Nd 
ion in these complexes varies from 9 to 8 (see Pig.3.15).
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3:4-;4 Discussion.
The shapes of the hypersensitive absorption bands 
indicate the coordination number and symmetry of the lantha­
nide ions. Generally a difference in absorption spectrum 
demonstrates a difference in the environment of the cation 
(see Pig.3.16). In the complexes just discussed, the Schiff 
base , nitrate groups and some of the halides are coordi­
nated to the lanthanide ions. The coordination numbers 
vary from 12 to 10 for the nitrate and 8 to 9 for the halide 
complexes. The variation in coordination number is reflected
in the absorption bands corresponding to hypersensitive
3+transitions of the Nd ion. The experimental results dis­
cussed earlier give rise to the following conclusions:
We consider the Schiff bases to be acting as bi-dentate
ligands (see section 1). Therefore the coordination numbers
3+obtained for Nd ion in these series of Schiff base complexes 
are listed in Table 3.7.
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3+Table 3 *7 The Coordination Numbers found for Nd ion m  
the Schiff Base Complexes.
Coordination Coordinated Coordinated
Compounds Numbera HO,- 13 Halide 0
3
Ndi2(N05)5 .2H20 12 Yes
Ndl2(N05)5 12 - 10 Yes
■Nd2L5(N05)6 10 Yes
NdL2X5.2H20 8 - 9  Yes
Nd2l3Cl6.H20 8 - 9  Yes
NdL,X,.Ho0 8 No3 3 2
a - from studies of the hypersensitive transitions,
b - from studies of IR spectra,
c - from studies of the far IR spectra.
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Fig. 3 .11 Spectra of some Nd^+Complexes
a - Nd(dipy)2(N05)5 
b --Nd2(H2sal-1,2pn)3(N03)6 
c - Nd2(H2salen)3 (N05)6
20 19 18
x10 ^cm ^
16 1Z^ -116
x10 cm
■i„,~— >  2t' 4- 29/2 K 13/2’ G7/2’ C,9/2 9/2
4r 2 
5/2’ 7/2
176
Pig
a -
b - 
c -
3.11 (continued)
Nd(dipy)2(N03)5 
Nd2(H2sal-1,2pn)^(NO^)g 
Nd2(H2salen)3(N03)6
TT
- 177 -
3+'ig. 3.12 Spectra of some Nd complexes.
a -
b -
c -
Nd2Mg5(N03)12.24H20 1-
Nd(H2sal-1f3pn)2(N05)5 .2H20
3^3
Nd(H2sal-1,6hex)2(N0x)
20 19 18 18
x10~^cm ^ x10 ^cm ^
— ^  2 4-z-i 2 4 ------
9/2 13/2 ’ ^7/2* 9/2 x9/2 x G5/2’ G7/2
-  178  -
Pig, 3.12 (continued)
a - Nd2Mg5(N05)12.24E20
Td - Nd(H2sal-153pn)2(N03)5.2H20
e - Nd(H2sal-1,6hex)2(NO^)^
13
-1
i
.12 A
\ 2-JJ 4-n
■‘•9/2 ^  . 9 / 2  ’ 5 /2  4-p9/2  ^  3 /2  '  7 /2
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34-Pig. 3.13 Spectra of some Nd Complexes
a -
b -
c -
d -
Nd2Mg3( N 0 p i2.24H20 
Nd(H2sal,1-3pn)2 (NOj), 
Nd(H2salen)2(NO,)^ . 2H20 
Nd(dipy)2(NO_)5
18 18 17 16 
x10 ^cm~^
9/2 ' 13/2 * 7/2’ ^9/2 9/2
4r 2 
5/2’ ^7/2
Pig. 3.13 (continued)
15 14 13
x10~^cm ^
12
x10 cm
a - Nd2Mg5(N05)12.24H20 
b - Nd(H2sal-1,3pn)2(NO^)^ 
c - Nd(H2salen)2(N05)5 .2H 0 
d - Nd(dipy)2-(N05)5
— I b I -
■54-Pig. 3.14 Spectra of some Nd Complexes
a^=b^-Nd(H2sai-
1 *2pn)9CIU cH 90
20 18 18 16
x10 cm x10 cm
i - j  2^  4
9/2 13/2* G7/2
p
& G-9/2
4T — ^  4r 2„
9/2 u5/29 7/2
a.,
20 18.51 17.85 16.66
x10 cm
L ^  2 4r
19/2 13/2 ' 7/2 4t — >  4r 2
9/2 5/2 ' 7/2
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'54-Pig . 3.15 Spectra of the Nd ion in different Environments
1
Hypersensitive transitions:-
9/2
V 4r 2n
7/2
16.6617.85
a
b
c
d
e
f
<TO
0C1_.2H„0 2 5 2
h -
Nd(H2salen)
Nd2(H2sal-1,6hex)3Clg.H20 
Nd(H2sal-1,6hex)2Br,.H20 
Nd(H2salen)
Nd(H2sal-1,
Nd(H2sal-1,6hex)2Cl,.2H20 
Nd(H2sal-1,6hex),Br3 
Nd(H2sal-1,6hex)3Cl3 .H20
2Br3 -2H20 
3pn)2Cl3 .HgO
a ’
t> ’ 
c ' 
d' 
e 1 
f ' 
g'
h 2o
5.7M HC1 
8.6M HC1 
11.4M HC1 
11.OM LiCl 
12.9M LiCl 
11.2M HC10
Fig. 3.16 The Hypersensitive Transition of Nd^+ Complexes.
9/2
at
18
x10 cm x10 cm
a - Nd(H2sal-1#3pn)2(N05)3 .2H20  ^ a» - Nd2Mg3(NC>5)12 .24H20
(CN=12)
h - Nd2(H2sal-1 f2pn)3(N03)g t>f - Nd(dipy)2(NO^)^ (CN=10)
o - Nd(H2salen)2Cl5 .2H20 e , _ Nd(Br0p 3 .9H20 (CN=9)
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3:5 Far Infra-Red Spectra.
The infra-red frequencies from 300 to 30cm- for some
un-ionised Schiff base (Hgsal-1,3pn and H^sal-1, 6hex)
3-i- 3+complexes of Nd and la ions are listed in Table 3.8
-1and typical infra-red spectra from 300 to 30cm are in 
Figs.3.17 to 3.19.
Qualitative interpretation of the infra-red spectra 
has shown that the Schiff base ligands are chelated to the 
metal ions through the nitrogen of the azomethine groups 
only (see section 3.1).
The observed bands in the far infra-red region for the
halides are in some cases assigned to vibrations involving
metal-halide b o n d s ^ ^ 75-178) compiexes e.g. la-Cl
(175,176)(2i0cm“1); Nd-cd175 ’176  ^ (207cm-1) and Nd-Br^177^
— 1
(166cm ). It should be noted that vibrations arising from
(a) the ligand (b) metal-oxygen (coordinated oxygen atoms 
from water molecules or nitrate groups)^^7) metal- 
nitrogen^"^ and (d) lattice vibrations^^6) could occur 
in this region of the spectra. The assignment of bands in 
this region of solid samples is further complicated by 
the possible coupling of modes and the appearance of multiple 
bands. However, certain inferences can be made on the 
following grounds.
-1The results obtained in the 4000 - 625cm region of 
the ligand and metal chelate spectra indicate that the 
nitrogen atoms from the Schiff bases are coordinated to the 
metal ions and that the nitrate groups are coordinated for 
complexes of the un-icnised Schiff bases.
-1In some cases the absorption in the region 300 - 30cm 
changes from chloride to bromide to nitrate complexes. It 
would be expected that if the absorption involved only metal- 
nitrogen vibrations significant changes would not be observed 
in the spectra of this series of Schiff base complexes.
(175 —178')On the basis of literature reports, -absorption
-1in the region 300 - 130cm may be attributed to lanthanide 
metal-halide vibration.
The far infra-red spectra of Nd(Hgsal-1 jShex^X^nHgO
(n=0 - 1 and X=C1 or Br ) are very similar down to 110cm
(see Big. 3*17 and Table 3.8). The two groups of bands
-1centred at 210 and 165cm for the chloride complex and 
-1203 and 167cm for the bromide complex are of similar
-1
intensity although the band at 210cm is slightly more 
intense in the chloride complex. Therefore these bands are 
unlikely to be due to coordinated Cl" or Br" and must 
have an alternative assignment. Weak bands are observed 
at similar positions in the ligand and these may have been 
intensified on coordination.
By comparing Nd(H2sal-1 ,6hex)2CI^ onH20 and Nd(H2sal~
1,6hex)2Br^.nH20 (n=1 - 2) we no longer see the close simi­
larity found for the Nd(H2sal-1 ,6hex)v^ X^  .nH20 complexes.
In particular, the chloride has a strong group of bands at
*■“ 1 — 1207cm“ whilst the (ligand) band at 165cm , which is strong
in the Nd(H2sal-1,6hex)^X^.nH20 complexes is now relatively
much weaker; on the other hand the strongest bands in the
-1spectrum of the bromide are centred at 164cm whilst that 
—1near 200cm” is much weaker (see Big. 3.17 and Table 3.8).
This may provide evidence for coordinated chloride (^200cm )
—  1and bromide ( ^164cm ). These band positions are similar to
those found in LaCl  ^1 (210cm~^ ) and NdBr* ^  (166cm )^
3 3
respectively.
The spectrum of Nd2(H2sal-1,6hex)^Cl^,H20 is similar
in general to that of Nd(sal-1,6hex)2Cl^.2H20 . This complex
-1has a strong group of bands centred at 208cm which is 
evidence for coordinated chloride (see Big. 3.17 and Table3.8).
The far infra-red spectrum of Nd(H'2sal-1 ,6hex)2 (NO^)^ is
very different from those of the chloride and bromide complexes.
-1This compound has a strong group of bands centred at 180cm 
which is evidence for the neodymium-oxygen vibration of the 
coordinated nitrate g r o u p s ^ ( s e e  Big. 3.17 and Table 3.8).
Nd(H2sal-1,3pn)2Br^ ..2H20 and la(H2sal-1 ,3pn)2Cl^ .2H20
like Nd(H2sal-1,6hex)2X^.nH20 (X=Cl” or Br”), have bands at 
-11?2cm which are much the strongest feature for the bromide 
complex and at 194cm which is the most notable feature for 
the chloride complex; this may indicate coordinated bromide 
and chloride in these complexes (see Big. 3.18 and Table 3.8).
La(H2sal-1 ^ pnjci^ *H20 has a broad and strong absorption 
-1around 200cm which fits the pattern for lanthanum-chloride
interaction1" ^  (see Pig, 3,19 and Table 3-8).
la(H2sal-1,3pn)2(N05)5 .2H20 provides an example of coordi 
nated nitrate groups with a strong group of bands centred at
180 - 200cm"1 (see Pig.3.19 and Table 3.8).
3+The normal position of the Ln -nitrogen vibration for
-1 (94-Vlanthanide complexes is said to be between 350 -380cm
(Ln-N) in Ln(en)n (N0^)^» 11=3 >4 and 200 - 250cm"1 (Ln-N) for
(1 79}ln(dipy)2Cl^ complexes. J
(127*)Hart et alv ' have pointed out that for lanthanide
Schiff base complexes containing the ligand 1,2{bis(2-pyridine
a-aldimino) ethane) no significant absorption could be found
-1in the range 600 - 190cm which could be assigned to Ln-N 
vibrations.
In the present work because of the similarity of the 
absorption bands of the ligands and metal complexes in the 
range 600 - 30cm with the exceptions mentioned above, no 
significant absorption band was found to lead to any reliable 
assignment of the Ln-N stretching vibration.
V/e thus have tentative evidence for halide coordination 
in complexes of formulae MLCl^.nHgO, MLgCl^.nHgO (X=Cl" or 
Br ), and MgL^Clg.nHgO whilst for the compounds ML^X^.nH20 
(X=C1 or Br ) halide coordination seems to be less likely 
and the results are consistent with those obtained for 
coordination number through the hypersensitive transition of 
the neodymium complexes (see section 3.4).
— 1Fig,3®17 Par V I Absorption Bands (cm ) of the Ligand and
Nd complexese
Nd(H9sal~1,6hex)„Cl^eH90
Nd(H9sal-1, 6)~Br.
Nd(H2sal-1 *6hex) 2(N0^)
l
200
— i—  
150250 100
Nd9(H9sal-1,6hex)
x ___
Nd(Hpsal-1,6hex)?Cl 
V  ,2Ho0
Nd(Pl2 sal-1 56hex)2Br5 .H90
- -i ay -
iFig.3 •
—1
18 Par IR Absorption Bands (cm ) of the Ligand and 
Nd and La Complexes,
La(Hp sal-1 ,3pn)2Cl5 .2H2°
Nd(H?sal-1,3pn)2Br5 .2H20
sal-1*3pn
T ‘
150 100200250
- I -
“1Pig.3.19, ?ar IR Absorption Bands (cm ) of some of the 
Lanthanide Complexes.
La(H9sal“1,3pn)Cl^.Hp0
LaCHg sal-1 ,3pn)2 (NO^)^ .2H2O
300 200 150 100
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—1Table 3.8 Characteristic Infra-Red Absorption Bands (300-30cm )
of the Ligands and their Metal Chlorides.
H2sal-1,6hex (L) Nd(L)2Cl3-.2H'20 ■ '' Nd(L)2Br3 .H20
268 sh 300 m 300 m
226 m 240 sh 228 m
207 w 226 m 201 m
200 w 206 vs Nd-Cl 194 w
167 w 190 sh 177 sh
158 w 168 m 164 vs Nd-Br
114 w 144 m 104 m
106 w 126 w 94 w
117 m
Hd2(L)5Cl6.H20 
298 w
208 s Nd-Cl 
188 sh 
168 m 
161 w 
132 w 
117 w
Nd(L)2(N03)3
298 sh 
248 w 
228 m 
190 sh 
185 vs Nd-0 
175 sh 
115 vw.
Nd(L)3Cl3.H20
298 m 
210 s 
165 s 
160 sh 
127 sh 
120 s
Nd(L)3Br3
298 m 
231 m 
203 s 
167 s 
161 sh 
115 vw 
98 m
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Table 3.8 (continued) 
H2sal“1f3pn (L )
225 m 
220 s 
190 w 
178 m 
160 m 
146 vw 
126 w
La(L )2C15 .2H20
246 sh 
226 s 
228 sh 
194 vs La-Cl 
180 sh 
159 s 
150 sh 
128 m 
106 s
Nd(li )2Br3 .2H20
288 m 
258 sh 
234 s 
214 m
172 vs Nd-Br 
117 w 
104 m
La(L )C13 .H20 La(L )2(N03)3 .2H20
266 s 
224 s
200 vs La-Cl 
181 s 
162 sh 
137 sh 
126 s
263 w 
235 sh 
208 s 
200 sh 
180 sh La-0 
106 m
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3:6 X-Ray Powder Patterns.
»11WWI—mi ui^ iaw win muiiimu '■ i.n.i winiMiinBiiiiminffliw ti .
The results of the X-ray -powder photography experiments 
are given in Tables 3.9 to 3.11 and Pig, 3.20. By comparing 
the d- spacings and intensities the following points seem 
important.
The results shown in Tables 3.9 and 3.10 show that all 
of the compounds formed between H2sal-1,6hex and lantha- 
num(lll) are true compounds and not simple mixtures of salt 
and ligand or mixtures of a single complex with excess 
ligand or lanthanum salt since the d- spacings of the complexes 
are not simply additions of the lines found in the ligands 
and salts.
la(H2sal-1,6hex)3Cl3 .H20 and Nd(H2sal-1^hexJ^Cl^.H^O 
are isomorphous as are Nd(H2sal~1,6hex)2(NO^)^ and 
La(H2sal-1,6hex)2(N03)3 . This might be expected because 
of the similar ionic radii of the metal ions.
The powder photographs of Nd(H2sal-1f6hex)3Cl3 .HgO
and Nd(H2sal-1,6hex)3Br3 are very similar. Similarity was
also observed in their electronic spectra which indicated
the same coordination number ( CN=8 ) for Nd^+ ion in these
two complexes. Their IR spectra were also similar in the
— 1region (300 - 100cm ) and we conclude that these contain
non-coordinated halide ion.
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The powder patterns of La(H2sal~1,6hex)2Cl^ and 
La(H2sal-1,6hex)^Cl^.H20 are very similar but this close
similarity is not observable for the corresponding bromide
3 + 3-t­or chloride Nd complexes. However, the Nd complexes do
have the same coordination numbers as deduced from the
hypersensitive transitions ( CN=8 - 9 ). The far IR spectra
show that in contrast with the 8-coordinated 3:1 complexes
the halides are coordinated in the 8 or 9 coordinated 2:1
complexes.
La(H2sal-1,6hex)2Cl^ and Nd(H2sal-1,6hex)2Cl^.2H20 
are not isomorphous as are La(H2sal-1,3pn)2Cl^.2H20 and 
La(H2sal-1,3pn)Cl^.HgO thus it is not possible to deduce 
the coordination number in these lanthanum complexes.
No conclusion could be drawn with respect to the 
compounds La^^Clg and Nd2L^Clg.H20 (L=Hsal-1,6hex) which 
are not isomorphous.
The powder photographs of Yb(H2sal-1,6hex)2Cl^ and
Yb(H2sal-1,6hex)2(NO^)^ are not similar to those of the
corresponding la^* and Nd^+ complexes and this might be
3+expected because of the smaller ionic radius of Yb with 
3+ 3+respect to La and Nd ions (lanthanide contraction).
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Table 3. 9 X-ray Powder Photographs for the Ligand, Metal 
Ion and their Mixtures.
Ligand(L) 
d(2) I
7.30
6.78
5.25
4.67
4.37
4.10
3.67 
3.49
3.14 
2 * 81 
2.71
2.51
2.42
2.31
2.26
2.16
m
s
w
vw
w
s
s
m
m
vw
vw
vw
vw
w
2L-t-La0I^ .6HqO
a(X)
8.40
7.87
7.25
6.77
5.99
5.28
4.98
4.67
4.33
3.79
3.67 
3.49
3.30 
3.15
2.80
2.62
2.48
2.38
2.31
vw
w
in
s
vw
w
W
s
m
w
s
s
w
m
m
w
w
w
w
LaCl-7 .6HpO
a(X)
8.35
7.75
6.68 
5.91 
5.27 
4.98
4.42
4.29
3.66
3.29
3.15
2.62
2.48
2.38
w w
vw
s
w w
m
m
vw
vw
m
m
w
in
w
w
L = Egsal-1*6hex
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Table 3.9 (continued)
La2L5Cl'6 Lal2Cl5 LaL^Cl^.i^O
d(S) x d(X) i a(X) i
9.80 s 13.70 w 13.75 s
9.00 w 10.46 s 10.50 vs
8.13 w 9.23 m
7.53 V W 8.33 s 8.35 vs
6.58 vw 7.15 w w
6.10 vw 6.76 w 6.77 m
5.67 w 6.05 TO 6.05 TO
5.23 m 5.25 W 5.28 m
4.69 s 4.79 m 4.79 s
4.49 w w 4.14 s 4.12 vs
4.07 m 3.80 TO 3.83 w
3.53 m 3.55 W 3.57 m
3.28 m 3.39 W 3.34 m
3.17 m 3.04 TO 3.03 V/
3.03 m 2.86 TO
2.73 w 2.61 m
L = Hgsal-1,6hex
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Table 3.10 (continued)
LaLg (n o 3)3 NdL2(n o 3)3 . Nd2L3Cl6.h 2o
d(2) I d(X) I d(2) I
9.96 vs 9.93 vs 14.1 vw
7.35 m 7.32 m 10.65 s
6.73 w 6.71 w 9.20 s
5.37 m 5.42 m 8.32 s
4.59 w 4.61 v; 6.85 vw
4.33 s 4.36 w 6.05 vvw
4.11 s 4.16 m 5.26 w w
3.87 m 3.85 s 4.80 w w
3.69 m 3.70 w 4.48 w w
3.50 in 3.49 w w 4.17 s
3.30 m 3.36 m 3.81 vw
3.10 w 3.10 w 3.63 w w
2.92 w 2.94 w w 3.38 m
2.77 w 2.73 w
2.65 w 2.59 w
2.55 w
L = H2sal-1,6hex
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Table 3.10 (continued)
[dl^Cl^.2H20 NdBr^L0 .H2O ™ 2 Cl,-5 Yt>L2 (NO
d(£) I d(2) I d(£) I d(£) I
13.50 m 12.60 m 11 .05 s 11.85 s
9.80 vs 9.20 vs 9.61 vw 10.28 vs
8.28 s 7.25 s 8.50 s 8.12 vs
6.73 w w "4.48 s 7.50 vw 7.23 w
6.12 w w 3.62 s 6.20 w w 6.32 w w
5.64 w w 3.08 m 5.54 w w 5.62 W
5.20 m 2.49 vw 5.03 s 4.47 m
4.72 vs 2.35 vw 4.26 vs 4.06 s
4.11 vs 2.14 w w 3.91 s 3.88 w
3.79 w w 1.94 w 3.25 w 3.58 w
3.54 in 3.05 vw 3.11 m
3.02 w 2.85 m r
2.63 w
2.20 w
L = ^sal-l,6hex
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)le 3.'10' 
LalvCl
X-ray pov/de 
complexes *
~ .Ho0
r photographs for different types of
NdL^Cl^.H2° NdL,3Br75
a(X) I d(X). I a(X) I
13.75 s 13.70 m 13.60 s
10.50 vs 10.50 vs 10.45 vs
8.35 vs 8.30 vs 8.37 vs
7.15 w w 7.10 w w 7.17 w
6.77 m 6.77 w 6.77 w
6.05 vw 6.10 vw 6.05 w w
5.28 m 5.25 w 5.34 m
4.79 s 4.80 m 4.82 s
4.12 vs 4.13 s 4.07 vs
3.83 w 3.81 w w 3.80 w
3.57 m . 3.56 m 3.60 m
3.34 m 3.39 m 3.40 m
3.03 v/ 3.04 w w 3.06 w
2.86 vw 2.85 w w 2.68 w
2.61 m 2.60 W 2.64 w
L = H^sal-I,6hex
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Table 3.11 X-ray powder photographs for different types of 
complexes.
■HgSal-l ?3pn LaLCl,3
.h 20 LaLo01, 
 ^ 3
.2H20
d(X) I d(£) I d(£) I
7.10 m 11.50 vs 14.20 m
,5.90 vw 9.77 vs 11.25 s
5.44 s 8.50 VY7 9.00 vs
4.92 s 7.55 w w 7.70 w
4.56 w w 7.00 111 6.70 w
4.25 m 6.15 m 6.10 m
3.97 vs 5.33 vw . 5.74 w
3.79 w 4.92 m 5.40 m
3.58 s 4.23 s 5.00 vv/
3.35 w w 3.77 m 4.68 s
• CO w 3.54 w w 4.28 m
3.05 w 2.93 w w
CO•KY m
2.92 V/ 3.56 w
3.34 m
3.11 m
3.00 s
L = HgSal-1,3pn
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dHAPTlCU 4
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9+
4:1 Coordination Chemistry of Ca ion.
Although relatively few coordination complexes of 
alkaline earth ions, with the exception of beryllium, have 
been reported, interest in this field has grown recently 
because of their importance in biological systems. There 
are extensive reviews on the coordination chemistry of 
alkaline earth elements in the literature.^ 80-182)
This group of elements is highly electropositive and 
the ions have hard acidic character. The bonds between 
the divalent metal ions and oxygen and nitrogen should be 
about 70 - 80% ionic in nature. This results from the low 
ionisation potentials and large ionic radii of these elements. 
Some of the principal characteristics of alkaline earth 
metals are given in Table 4.1. .
As a direct consequence of the large ionic radii, some 
of the alkaline earth metal ions might exhibit various 
coordination numbers between 4 to 8, but the common coordi­
nation number is found to be 6, Beryllium will not be dis­
cussed here.
Calcium., the subject of this discussion, has class A
character and forms very stable complexes with oxygen donor
ligands in solution, but with nitrogen donors hydrolysis
(1 ^often occurs in aqueous solution. '
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Table 4.1 Principal Characteristics of Alkaline Earth Metals.
Atomic Element Electronic
number configuration
4 Be He 2s2
12 Mg Ne 3s2
20 Ca Ar , 24s
00 Sr Kr c 2 5s
56 Ba Xe 6s2
88 Ra Rn 7 s2
E°(volt)* Ionic Possible 
radii coordina- 
(£)M2* tion No.
-1.85 0.31 4
-2.57 0.65 4-6
-2.87 0.99 6-8
-2.89 1.13 6-8
0
•
<M1 1.35 6-8
-2.90 1.40 6-8
*■ E° for M^ :+ (aq) + 2e = M (s)
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In the 6-coordinate EDTA complex^^  ^ Ca2+ shows 
greater stability than the other members of the series.
EDTA4“ + M2+ — ..."1. MEDIA 2~
The stability constants (log^K) for some of the
4-alkaline earth cations with the EDTA anion are given
v  -i ( 184) below. '
2+ 2+ 2-h 2+Ion Mg Ca Sr Ba
log10K 8.9 10.7 8.8 7.9
The high stability for calcium ion is due in part to
2+the relative dimensions of the Ca ion and the ligand.
The stability of the calcium ion complex is rather 
less than those of the 3d transition metal complexes with 
EDTA. The stability constant (log^E) for Ca2+ ion and
some transition metal ion complexes with EDTA anion are
-u (184) given below.
Ion Ca2+ Mn2+ Cu2+ Fe3+
log1()K 10.7 13.8 17.7 25.1
The extra stability for d- type complexes is related
to participation of the d~ electrons in metal-ligand bonding,
2+but in the case of the Ca ion the significant cation- 
ligand attractions are largely electrostatic in character.
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’ 2 +The chemistry of the Ca ion is related to that of
the divalent lanthanide ions and this is due to the great
24-similarity in ionic radius of Ca ion and the divalent 
lanthanide ions. The ionic radii of some of the lanthanide 
ions are compared with Ca^+ ion belowj
*54- 24- 24* 24- 24-Ion La Sm + . - Eu Yb Ca
Ionic radii(2) 1.06 1.11 1.10 0.93 0.99
Equally the., chemistry of divalent calcium may he 
similar in some aspects to trivalent lanthanum because of 
the similarity in size.
The solid divalent lanthanide ions have been obtained 
by trapping them in the solid CaF2 lattice by reduction, 
for example, of InF^ in CaF£ with calcium metal. Close 
similarity between Ca^ "4* ion and Eu2+ ion appears.
Ion Eu^+ Ca^+ La^+
log10K (EDTA) 9.6 10.6 15.5
log1()K (ECrTA) 9.6 11 .0
EGTA = 2 ,2 l~etliylenedioxybis(ethyliminodiacetic)acid (anion)
The extra stability and the higher coordination numbers
2 4-for the trivalent lanthanide ions over those of the Ca ion 
might be due to the high formal charge associated with the 
trivalent lanthanide ions (see Chapter 1).
4:2 Stereochemistry and Coordination Number.
High coordination numbers are not exclusively found
for the d- and f- transition elements as a number of
8-coordinate complexes of post transition element ions,
such as In^4*, Sn^+ ana Pb^+ with (n-1)d^ configuration,
have been found. In addition metal ions with a (n-1)d°
4+configuration such as Zr also have high coordination 
numbers.^)
The Ca^4’ ion has the 3d°,4s°,4p° configuration, so
that coordination numbers greater than 6 may be found,
although, there is no crystallographic evidence for this
except in ionic lattices. However, there is indirect
( 1 85evidence for 8-coordination' * with 1,10phenanthroline 
and 9-coordination^ ^ ^  ) aiethylenetriamine (see
Table 4*2).
The fluoride (Cal^) structure has Ca^+ ion surrounded
( 187 )by eight fluoride ions' 1 (8:4 coordination).
( 1 88 )The cyclic polyethers' ' and related nitrogen- 
containing compounds form stable complexes and salts can 
be isolated and here there is the possibility of higher 
coordination number but this has yet to be demonstrated 
by crystallography.
Simple salts of calcium such as CaO have EaCl geometry 
with ionic character.
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2+The hydrated Ca ion is six-coordinate in contrast 
to the nine-coordination for the hydrated trivalent lan­
thanide ions.
2+
Table 4.2 presents some Ca ion complexes with various
ligands and possible coordination numbers. Most of the
ligands have oxygen donor atoms and it should be noted
that there is no crystaliographic evidence for chloride
2+coordination with the Ca ion.
Schiff bases such as H^salen have both oxygen and
nitrogen donor sites (like EDTA),and they would seem to
2+
be potentially strong chelating agents for Ca ion.
As discussed earlier, there are similarities between
the Ca^+ ion and trivalent lanthanide ions and thus the 
2+Ca ion may form similar complexes to those of the tri­
valent lanthanides with the series of Schiff bases.
Calcium salts v/ere reacted in the same way as for the
trivalent lanthanide salts with Schiff bases and the isola-
2+tion of several Schiff base complexes with Ca ion in 
non-basic solution was successful.
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2+ .Table 4 » 2 Some of the Complexes of Oa ion with various f.igands.
ligand Complex Possible Coordina­
tion No *
References
1,10-phenanthroline Ca(l).(CIO.)0 «3H90 
(1) 4 4 ^ d
liethylenetriamine
(D
Oct ame thylpho spho r- 
amide (l)
Ca(i),X2 
(X=C104- ,Br"and I")
Ca(l)3(C104>2
Ca(L)2(H05)2
Ca(L)Cl2 .4H20
8
Q
185,189 
186
190
Hexamethylphosphor* 
amide (l)
Ca(L)4X2 
(X=BP4“ and l“) 
Ca(L),Cl2 
Ca(L)nBr2 (n=3,5) 
Ca(l)2X2
(X=H0 “ and NCS") 
Ca(l)(CH5C00)2
191
Triphenylpho sphine 
oxide (l)
Ca(l)4(C104)2
Ca(L)4(BP4)2
192
193
Phenylbis(dimethyl~ Ca(l)4(C104)2
amino)pho sphine - 
oxide (l)
Ca(L)2Cl2
194
- 210 -
Table 4*2 (continued)
ligand Complex
Possible 
Coordina­
tion N o .
2 , 2^, 6 ,6-tetramethyl- 
heptane-3,5-dione(l)
Ca(L)
Cyclic polyether 
libenzp .-18-Crown-6
(I*)
CaLCl,
liacetamide (l)
EDTA (1)
Ca(l)5 (C104 )2 
C a ( l ) 4 X 2  
(X=Br",Cl“ and I") 
C a ( l ) 2 ( N 0 3 ) 2
Ca(EDTA)2-
NN-dimethylaceta- 
mid e (l)
Ca(l)nX2 
n=2,4,5,8 
(X=Cl",Br- ,l"and NOj)
1, 8 -naphthyridine (Ca(E)2 (C104 )2 .^HgO 
(1)
References
195 
188
1 9 6
173
197
198
2,7-dimethyl- 
1,8 -naphthyridine 
(B)
Ca(L)2 (C104)2 1 9 8
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Preparative Methods.
423s1 Chloride complexes.
The chloride complexes were prepared by the addition of 
the stoichiometric amount of hydrated calcium chloride (CaC^* 
2H2O) in absolute ethanol to a hot solution of the ligand in 
absolute ethanol. A yellow precipitate formed almost immediately. 
This was filtered off, washed with cold ethanol several times 
and then dried in a desiccator (CaC^) .
Elemental analytical data for the series of complexes 
corresponding to empirical formulae CaLC^.2solvent (i^HgSalen 
and H sal-1,3pn-and solvent=EtOH or H^O) and Cal^C^.nE^O 
(n=0 - 2 ; I^H^sal-l ,2pn and I^sal-1,6hex) are given in 
Table 4.3•
4;3: Nitrate complexes.
The nitrate complexes were#obtained by the addition of 
the stoichiometric amount of hydrated calcium nitrate 
(Ca(N0^)2 .4H20 ) in absolute ethanol to a hot solution of the 
ligand in absolute ethanol. A yellow precipitate formed 
almost immediately. This was filtered off, washed with cold 
ethanol several times and then dried in a desiccator (CaC^)*
Elementa.1 analytical data for the series of complexes 
corresponding to empirical formulae Cal^(NO^^-nsolvent 
(n=0 - 1 ; LsHnSalen, I^sal-1,3pn, H sal-1 ,2pn and HgSal- 
1,6hex; solvent was ethanol or water) and Cal(NO^ ) 9
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(L=H2sal“T,3pn) are given in Table 4 .3.
The preparation of the ligands, analytical methods 
and physical measurements (IR and far IR spectroscopy) 
were the same as those discussed for the lanthanide complexes 
(Chapter 2). The calcium salts were laboratorjr reagents.
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4 :4 Results and Discussions.
4 :4:1 Infra-red Spectra.
2+The infra-red spectra of the Ca Schiff case complexes 
are very similar to those of corresponding lanthanide com­
plexes. Therefore the assignments were made in the same 
manner (see Chapter 3) and the absorption bands of the ligands 
and chloride complexes are listed in Table 4.4. There are 
some points which are worth noting here.
(a) Based on the structure of the ligand the free
hydroxyl^   ^ stretching vibration should occur in the region 
- 13550 - 3650cm of the ligand spectra. No such absorption 
band was found in the free ligand spectrum, but a broad 
absorption with medium intensity appeared at 2600 - 2700cm
and the corresponding band can be observed at 3600 - 3500cm
in the spectra of the calcium Schiff base complexes (see 
Big. 4.1) except in the cases where strong absorption 
due to the water molecules occurs. This absorption is 
assigned to the 0-H stretching frequency. The free ligand 
is internally hydrogen bonded as shown by the ligand^ ^ 6) 
spectra (2700cm” ) and as with the lanthanide complexes 
(Chapter 3) this is broken upon forming the metal complexes.
In the nitrate complexes the free 0-H stretching frequency 
is observed but in the chloride complexes this is obscured 
by the broad and strong absorption of the adducted solvent 
molecules. In 1:1 nitrate complexes the 0-H stretching 
frequency is also not observable because of possible hydro­
gen bonding with the coordinated nitrate groups.
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T a b l e  4 . 4  IH F R A - R E D  A B S O R P T IO N  B A W D S  ( c m ~ 1 )  O F  T H E  L IG A N D S .
A s s i g n m e n t s
A b s o r p t i o n  d u e  t o  w a t e r
P h e n y l  CH  s t r e t c h
S y m m e t r i c a l  a n d  a n t i -  
s y m m e t r i c a l  a l i p h a t i c  
C H  s t r e t c h  
H  b o n d e d  O H s t r e t c h
C » N  s t r e t c h  
A r o m a t i c  C » C  v i b r a t i o n
C H  d e f o r m a t i o n  a n d  
* C H -  i n - p l a n e  
v i b r a t i o n
C - 0  s t r e t c h  
C - N  s t r e t c h
A r o m a t i c  i n - p l a n e  
d e f o r m a t i o n  v i b r a t i o n s
- C H  o u t - o f - p l a n e  
v i b r a t i o n s .
A r o m a x i c  -C H  
o u t - o f - p l a n e  s t r e t c h i n g  
v i b r a t i o n s
H p E a l - 1 , 3 p n
3050 m
3 0 0 0 m
2 9 3 0 m
2 8 4 5 m
2 6 5 0 bra
1 6 3 3
to>
1 6 1 0 CD S3
*
1 5 7 7
CO
1 5 0 4 v w
1341 m
1315 v w
1 2 8 0 v s
1 2 5 2 v w
1 2 4 0 v w
1 2 1 5
1 2 0 5
8
v w
1 1 9 2 W
1 1 6 6 W
1 1 5 2 8
1 1 2 3 m
1 1 1 5 v w
1 1 0 7 v w
1 0 8 5 m
1 0 6 1 m
1 0 3 6 m
1 0 2 0 m
9 7 5 8
9 5 0 w
9 3 0 w
9 1 4 v w
8 8 5 v w
8 7 8 w
8 5 8 B
7 7 2 vw
7 6 5 s h
7 5 5 s
7 4 0 v w
7 2 6 v w
6 5 9 m
6 4 2 m
H 0 o a l - 1 , 6 h e x
3 0 6 0  w  
3 0 0 0  w
2 9 3 5  s  
2850 m
2700 b
1 6 3 2  v s
1 6 1 2  s  
1 5 8 0  v s  
1 5 2 5  w
1 4 9 8  o
1 3 1 5  w
1 2 8 0  v s
1 2 4 5  w
1 2 1 0  m 
1 2 0 0  v w
1 1 6 2  v s  
1 1 5 0  w  
1 1 4 2  w  
1 1 5 5  w
1 0 5 0  s  
1 0 2 5  w  
1 0 1 0  w
9 6 2  m 
9 3 5  w  
9 0 5  m
890 s 
6 6 0  s
7 6 5  v s
7 4 0  m
7 2 5  w  
6 6 2  w  
652 a
H p D a l - 1 , 2 p n
3 4 0 0  v b
3 0 6 0  w  
2 980 s
2 9 3 0  w  
2 8 8 0  m
2 7 0 0  b
1 6 3 0  v o
1 6 1 4  m 
1580 s 
1500 0
1460 e 
1 4 1 5  m 
1386 m 
1 3 4 5  w  
1 3 2 7  w
1 2 8 0  v s
1210 8
1152 8
1 1 4 0  m 
1 1 3 2  v w
1 0 9 0  w  
1 0 4 5  s  
1 0 2 5  m 
1 0 0 0  v w  
980 m 
9 4 5  w
9 0 3  v
8 8 5  ®  
8 5 0  B
7 8 1  w
7 5 8  v b
7 4 0  m
6 3 0  tvw
^salen
3050 m 
3000 m
2 9 1 5  e h  
2 9 0 0  B 
2 8 8 0  s h  
2 6 0 0  b
1 6 3 5  b
1 6 1 0  s  
1 5 8 0  a
1 3 5 2  w  
1318 m
1 2 8 2  v s
1 2 6 0  m 
1 2 5 0  a
1 2 0 0  w
1 1 5 0 v s
1 1 3 5  w
1 0 2 0  v s  
. 980 s 
9 7 0  s  
9 3 5  s  
9 0 0  w
8 6 0  v s
7 7 5  vb 
7 5 5  s  
7 5 0  8  
7 4 5  s  
7 4 0  b  
7 2 5  m 
6 5 5  m 
6 4 5  v a  
6 3 5  w
( c o n t i n u e d )
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T a b l e 4 . 4  I N F R A - R E D  A B S O R P T IO N  B A N D S  ( c m"1) O F  T H E  C O M P L E X E S .
C a t H g S a l - l , 5 p n ) C l ^  C a C H ^ s a l - l t 6 h e x ) ^  C a C H ^ s a l - l , 2 p n ) g  C a ( H o S a l e n ) C l ^  
A q 8A g * r c e n t 3  . C l 2  . 2 E tO H
Pree OH stretch . 3500 w 3550 vw 3600 vw
Absorption due to water 3400 b 3400 b 3450 vb
Phenyl CH stretch 3180 m 3050 m 2920 s 3050 w 3050 vw
Symmetrical and anti- 
symmetrical aliphatic 
CH stretch
2960 w 
2930 m 
2860 m 2840 m
2950 m 
2850 m
2950 vw 
2900 w
C«N stretch 1640 sh 1640 bs 1645 vs 1640 bs
Aromatic C-C vibration
1610 vs 
1522 vs
1605 s 1610 s 
1550 w 
1518 w
1610 s 
1553 m 
1530 m
CH deformation and 
■CH- in-plane 
vibration
1493 s • 
.1370 vw 
1350 s
1480 s 
1348 m 
1332 w
1490 w 
1345 w 
1300 w
1350 s 
1325 s 
1320 w
C-0 stretch 1290 s 1285 vs 1282 s 1282 vs
C»H Btretch
1232 w 
1215 vs 
1205 v
1240 8 
1218 m 
1202 s
1240 w 
1222 a
1250 w 
1210 a
Aromatic in-plane 
deformation vibrations
1195 sh 
1160 sh 
1148 vs 
1119 s
1080 m 
1040 m 
1018 s
. 972 s 
945 m 
900 m
1192 a 
1172 sh 
1150 vs 
1135 m 
1130 m 
1122 w 
1035 v 
1020 s 
1012 s 
975 m 
935 v 
925 v 
900 vw
1195 a 
1150 s 
1128 s 
1115 vw 
1083 m
1020 s 
1005 vw 
982 w w  
952 w 
935 w 
900 w
1195 s 
1150 vs 
1140 sh 
1118 s 
1080 vs 
1040 s 
1020 w w  
1005 s 
980 vw 
935 w 
903 vs
-CH out-of-plane 
vibrations
875 8 
855 vw
895 s 
872 w' 
862 w 
855 v
875 n 
860 vw 
835 m
870 a 
860 m 
802 m
Aromatic -CH 
out-of-plane 
stretching vibrations
760 va 
740 va
770 m 
760 vs 
740 vs 
725 8 
715 8 
705 vw
780 vs 
750 m 
740 a
775 a 
762 s 
740 vs 
729 w 
635 m
622 m 660 8 665 w
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(b) A very strong absorption band at 1633cm~^ (130,131, 
134,135,138,139) £or free Schiff base assigned to the 
conjugated C=N stretching frequency is observed at about 
1640 - 1650cm in the spectra of the calcium complexes.
This displacement of the C=N stretching frequency toward 
the higher frequency indicates coordination via the azo- 
methine nitrogen atoms. This trend has also been observed 
in several Schiff base complexes with class A metal ions 
such as U(H2salen)Cl^. THF^122^, Ti(H2salen)Cl4 1^20  ^ and 
Ti(H2salen)Cl5 .THP^’14'0  ^ and Th(H2salen)Cl. THF (122) (see 
Chapter 3).
The second strong absorption^22’ 134,135,139,140)at 
-11280cm of the free ligand assigned to the C-0 stretching
_ * i
frequency is found at 1280 -1290cm in the spectra of the 
metal complexes. This non-displacement or small change in 
the C-0 stretching frequency is said to be due to the non­
participation of the oxygen atoms of the phenolic groups 
in metal-ligand bonding and is also observed in 
UC^salpropenJCl^^22^, ThOHgS&lpropenJCl^.THF^22  ^ and 
TiCHgSalenJCl^^2<^  and several complexes of Ti^+ ,Th^+ , 
Sn^+ ,Hf^ "* and Zr^+ with bi-dentate Schiff b a s e s ^ ^ “143)
(see Chapter 3).
The rest of the absorption bands of the calcium complexes 
have the same assignments as in the lanthanide complexes 
(see Table 3 * 2 ).
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2+(c) The infra-red spectra of the Ca /.nitrate complexes 
are rather different from those of the corresponding lantha­
nide complexes. In the 1:1 calcium nitrate Schiff base 
complex CaC^sal-l ,3pn) (NC^^ there are strong absorp­
tions in the region 1483cm”  ^ ( v-j); 1283cm”  ^ ( v )^ J 1018cm”1
— 1( v2) an(i 820 •cm” ( Vg) indicative of the nitrate ion in
- 1C2V symmetry and the absence of any absorption at 1400cm
(  i q i  )
indicates coordinated nitrate groupsv J ' in this complex
(see Pig. 4.2). Because of the over-whelming crystallogra-
phic evidence, it is likely that the nitrate groups are
« bidentate in these complexes (see Chapter 1 and 3)', on the
other hand in the 2:1 calcium nitrate complexes the presence
of the ionic nitrate group is indicated by a broad,
strong absorption band at 1400cm ( v^). This provides
2+an example of lower coordination numbers for Ca as compared 
with the trivalent lanthanide ions. However the higher 
coordination number associated with the trivalent lanthanide 
ions is mainly attributed to the high formal charge associated 
with ln^+ ions.
(d) The far infra-red absorption bands of the free
ligand HgSal-l^pn and the complex CaO^sal-l ,3pn)Cl2 *2 ^ 0
are shown in Pig. 4.3 and the bands observed in the region 
-1400 - 200cm are given below:
Tr
an
sm
it
ta
nc
e
— i
Fig,4.2 Infra-Red Absorption Bands (cm ) of che Ligand 
and Complexes as Nu.,iol Mulls*
H0sal-1,3pn
Ca(H<2sal-1 ,3pn)Cl2.. 2H20 
10 816
Ca (Ho sal-1' ,3pn) (NO )
— 1Fig.4.2 Infra-Red Absorption Bands (cm ) of the Ligand
and the Complexes as Hexachlorobutadiene Mulls
Ca(H9sal-1,2pn)Cl
20
x10
Ca(H9sal-1,3pn)(NO-)
Ca(H2sal-1,3pn)Cl2.2H20
----------------------------1 | I-----------------------------1
400 350 300 250 200 cm
Fig.4.3 Far Infra-Red Spectra of the Ligand and 
the Metal Complex.
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Ligand Complex
H^sal-I ,3pn Ca(H„sal-1,3pn)Cl2 .2HpQ
396cm” 1 (s) 373cm" 1 (vw)
382cm 1 (sh) 348cm” (h)
352cm" 1 (a) 258cm” 1 (sh)
324cm" 1 (vs) 244cm” 1 (*)
3 0 8cm" 1 (vs) 224cm” (sh)
256cm" 1 (s) 210cm” 1 (w)
220cm" 1 (s)
-1There is no significant absorption at 270 - 300cm in the
(191)spectrum of the chloride complexes. In the case of CaL^C^
(where l=hexamethylphosphoramide) a strong absorption band
- 1
was found at 290cm and assigned to the Ca - Cl vibration. 
Therefore the chloride ions are probably not coordinated in 
these Schiff base complexes.
The infra-red results obtained for the calcium Schiff 
base complexes allow us to conclude that the increase in 
the C=N and non-appreciable shifting of the C-0 stretching 
frequencies of the free ligands upon complex formation 
indicates coordination through the azomethine nitrogen atoms 
and non-coordination of the phenolic oxygen atoms. Thus the 
ligand would be present as a bi-dentate donor. The spectra 
also show the presence of coordinated nitrate groups in 1:1 
nitrate complexes and ionic nitrate in 2 :1 nitrate complexes.
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The presence of coordinated solvent molecules (l^O or EtOH) may
he suggested by a broad and strong absorption band near 
- 13400cm . The far infra-red results probably show the presence 
of non-coordinated chloride ion in these series of calcium 
complexes.
Therefore the coordination numbers suggested for the
2 +
Ca ion in these Schiff base complexes are:
Complex Coordination
— --- Number
Ca(L)Cl2 .2solvent 4
Ca(L)pClp.nsolvent 4-6
(n=0 - 2 )
Ca(l)(N03 ) 2 6
Ca(li) 2 (N03 ) 2 .nsolvent 4-5
(n=0 - 1)
24-Attempt s to prepare Mg complexes with the Schiff bases
were unsuccessful; this is due in part to the smaller ionic 
24-radius of Mg ion with respect -to the bite of the ligands.
Some of the complexes can be recrystallised and 
Cal^CNO^^ (LsHgSal-l,2pn) is the subject of an X-ray crys- 
tallographic study by Dr. D.C.Povey of this University. The 
results are awaited with interest.
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5:1 Magnetic Susceptibility.
In the present work the susceptibilities of the compounds 
were measured over the temperature range 300 - 88°K and the 
results are given in Table 5.1. The reciprocal of ^  was 
plotted against absolute temperature and the graphs shown 
in Pig* 5*1. The effective magnetic moments were calculated 
using the equation y 2.828 (B.M.) and the results
obtained at room temperature are in good agreement with the 
values calculated by the-Van Vleck equation except for the 
Sm^ "** compounds.
In some cases a very small deviation has been found from
the Van Vleck equation and this shows that the perturbation
of the surrounding ligands on the central metal ion has a
very small effect as the crystal field effects are said to
f 1 3 }be very small but by no means negligible. 7
3+ 3+La compounds are diamagnetic and Ce with ground
2  2
state ^5 /2 ^as excited state ^7 /2 an
1 r\
energy separation of 1,000cm” (five times kT, if T = 300 K)
3+ 3-4-and is not populated at room temperature. Pr and Nd terms 
have a similar energy of separation (Pig.1.1).
3-f 6Sm has the ^5 /2 ground term with the first excited
state ^7 /2 separated by an energy comparable with kT and
this is populated at room temperature. The calculated magnetic
3+moment is y = 1 .55 - 1.65B.M. for Sm with observed values 
of y e = 1.45 - 1.80B.M.
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As the temperature of the measurement decreases the 
effective moment will also decrease (see Chapter 1,equation 2).
The reason why the susceptibilities of the other lantha- 
/  34- -nide ions(except Gd ) are temperature dependent is mainly 
due to the variation in the population of low-lying energy 
levels produced by crystal field effects on the ground state 
(see Eig.1.2)•
The crystal field splitting parameters are very small 
and cannot cause electron pairing, neither are they sufficient 
to change the magnetic moments by the thermal population of 
the excited states which have been split by crystal field effects. 
There is however.a-possibility of splitting the lowest
excited state and removing further degeneracy of those
34-states which have a small energy separation,such as Sm ,
£
H? /2 , in low symmetry and,give rise to an altered magnetic
34-moment which was observed for Sm compounds.
34-The moments of Gd were temperature independent and
34- 8
this is because of the Gd ground state ^7 /2 * •^^lere are
no low-lying states to be differentially populated and no
mixing of excited states.
(199 200)Eiggis e*c al 9 ; have demonstrated a degree of magnetic
concentration in some oxides and fluorides of the lanthanide 
lattices by careful dilution in diamagnetic hosts and by 
extrapolation to infinite dilution. They have been able 
to estimate some of the crystal field radial parameters in 
these 8-coord.inate cubic complexes.
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Recently Gerloch et aq(201,202) Mabbs et a l ^ ^ ^  have
studied the average magnetic susceptibility and magnetic
anisotropy of the single crystal of the 6-coordinate
hexakis(antipyrine)lanthanide(ill) iodides and the 12-coordi-
nate cerous magnesium nitrate, Ce2Mg^(N0 )^,j2.24H20 , over
the temperature range 80 - 300°K. The results have been
interpreted in terms of a point-charge crystal field model
with inclusion of an orbital reduction factor (k). They
2 4-determined the value of the radial parameters p , p and 
6p for both the 6-coordinate and 12-coordinate crystal 
field model and pointed out that the value of k required 
by both models is in the range 0,93 - 0,96.
In the present work since the crystal structures of 
the complexes are not known, the only conclusions to be 
drawn from the magnetic susceptibilities of the powders are:
(a) - To confirm the magnetic purity of each individual
metal ion.
(b) - The absence of any magfe^ic exchange in these series
of complexes.
It is not possible to draw any conclusion with respect 
to structure by using the small observed deviations from 
the calculated magnetic moments. These deviations did not 
follow any consistent pattern for any group of compounds.
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Table 5.1 Magnetic Results.
Compound T(°K) 1°5 XA
. .. --T"
X A y (B.M.e
293.5 2,260 443 2.30
261 .0 2,526 395 2.29
230.0 2,730 366 2.23
200.0 3,010 332 2.19
165.0 3,408 293 2.12
135.0 3,408 293 2.12
102.0 3,890 256 2 .05
88.0 5,400 185 1.95
596 x10 ”^c.g.s units)
295.5 2,200 454 2.28
262.0 2,480 403 2.27
230.0 2,810 356 2.26
198.3 3,160 316 2.23
178.1 3,490 286 2.22
166.2 3.690 271 2.21
135.1 4,210 237 2.12
121.5 4,790 208 2.15
102.5 5,260 190 2.07
88.0 5,940 168 2.04
Ce(H2salen)2Cl^.2H2O
e - 75°
Ce(H2sal-1,3pn)Cl5.2H20
e = 31°
(diamagnetic correction - --258x10 c.g.s. units)
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Table 5.1 (continued)
Compound T(°K) 1° 6 X A
-1
* A y e (B -M -
CeCl^sal-l ,2hex)^Cl^. 296.5 2,030 492 2.19
262.5 2,240 446 2.16
231.0 2,480 403 2.14
199.0 2,780 359 2.10
166.5 3,020 331 2.00
135.5 3,290 304 1.88
104.0 3,990 251 1.82
0 = 100°
88.5 4,360 229 1.75
(diamagnetic correction = -661x10-6e.g.s. units)
Ce(H0sal-1,6hex) 01, 
d _ 2 5
296.0 1,930 518 2.12
262.5 2,070 484 2.08
231.0 2,240 446 2.03
198.0 2,590 385 2.02
166.5 2,940 340 1.97
136.0 3,470 288 1.93
104.0 3,920 255 1.80
6 = 70°
(diamagnetic correction =
90.0
-465x10"®
4,250
units)
235 1,75
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Table 5.1 (continued)
Compound T(°K) 106x -1A XA y e(3.M.;
P r(H 2s a le n ) 2 (NO^)^ 296 eO 4710 213 3.34
262.5 5210 192 3.30
230.5 5790 172 3.27
198.0 6720 149 3.26
166.5 7480 134 3.16
135.5 8850 113 3.10
103.5 11010 91 3.02
e = 4 2 .5 °
90.0 12090 83 2.95
(diamagnetic correction = -358x10~6 e.g.s. units)
Pr(H2sal-1,2pn)2(N05).H20 295.0 5780 173 3.69
262.5 6320 185 3.64
231.0 6910 145 3.57
199.0 7660 130 3.50
166.0 8840 113 3.43
135.5 10230 98 3.33
104.0 12750 78 3.29
0 « 50°
90.0 14140 71 3.19
(diamagnetic correction = -394 x 10“ 6 c .g.s. units)
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Table 3 d  (continued)
Compound T(°K) 1°6X A
-1
* A
Pr(.H2sal-1 ^ piOgCl^HgO 295.0 5390 186 3.57
262.0 6000 167 3.54
230.0 6830 146 3.54
198.5 7830 128 3.52
166.0 9050 110 3.47
135.0 10820 93 3.42
104.0 12380 81 3.21
90.0 13490 74 3.12
oLT\
■<*IICD
(diamagnetic correction = - 4 2 0 x 1 0 _ 6 c .g.s. units)
Pr(H2sal“1,6hex)^Cl^ 296.5 4890 205 3.40
262.5 5290 189 3.32
230.5 5840 171 3.27
198.0 6630 151 3.23
166.0 7410 135 3.13
135.0 8990 111 3.11
104.0 10870 92 3.00
90.0 12140 83 2.95
6 r: 50°
(diamagnetic correction = -661x10 6c.g.s. units)
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Table 5.1 (continued)
Compound T(°K) 106X > X >
1 _v. ■ v e(B.M. )
Prtl^sal-I,6hex)2Cl^.2H2O 295.0 4770 209 3.35
263.0 5160 193 3.30
231.0 5640 177 3.23
200.0 6280 159 3.17
166.0 7560 132 3.16
135.5 8840 113 3.10
104.0 10920 92 3.01
8 = 46.5°
90.0 12200 82 2.96
(diamagnetic correction = -490x10~^c •g.s. units)
Pr2(H2sal-1,6hex)^Cl^ 296.0 4600 217 3.30
263.0 5030 198 3.25
232.0 5490 182 3.19
199.'0 6280 159 3.16
166.0 7410 135 3.13
136.0 8640 115 3.07
104.0 10650 94 2.98
90 12160 82 2.96
e = 43
(diamagnetic correction•= -366x10-uc.g.s. units)-6
- 234 -
Table 5.1 (continued)
Compound T(°E) •=4
X
VOo - i
X A :ve(B.M.)
Pr(H2sal-1,3pn)2(KC>5)5 .HgO 296.5 4560 219 3.29
262.5 5020 199 3.24
230.0 5570 180 3.20
199.0 6310 159 3.17
166.5 7320 137 ' 3.12
136.5 8700 114 3.08
104.0 10100 92
o
»
CM
8 =  5 5 °
90.0 11000 91 2.82
(diamagnetic correction = -•394x10~6c.g.s. units)
Pr(H2sal-1,6hex)2(UO,)j 295.5 4970 201 3.43
262.5 5300 189 3.34
230.0 5910 169 3.30
199.0 6800 148 3.28
166.5 7690 130 3.20
135.0 9370 107 3.18
103.5 11200 89 3.05
90.0 12650 79 3.00
0= 40°
(diamagnetic correction = -453x10~^c.g.s. units)
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Table 5.1 (continued)
Compound T(°K) 1°6 X A
AV y e(B.M,
PrCi^salen^Cl^ .H20 295.0 5350 187 3.55
262.5 5900 170 3.52
230.5 6530 153 3.47
198.5 7350 136 3.42
166.5 8270 121 3.32
135.5 9540 105 3.22
104.0 11100 90 3.04
0= 62.5°
90.0 12280 82 2.97
(diamagnetic correction »
£
-383x10 c.g.s. units)
Pr(H2sal-1 ^ pn^Cl^. H20 295.0 4890 205 3.40
262.0 5440 184 3.38
230.5 6160 162 3.36
198.5 6830 146 3.29
166.5 7950 126 3.25
135.0 9330 107 3.17
104.0 11270 89 3.07
e= 50°
90.0 12450 80 2.99
(diamagnetic correction = -407x10~6c.g.s. units)
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Table 5.1 (continued)
Compound T(°K) 106x A
-1
x A u e(B.M.)
Nd2(H2 sal-1,2pn)5(NO,)g 295.0 4920 203 3.41
262.5 5560 180 3.41
250.5 6040 166 3.34
198.5 6680 150 3.26
166.5 7640 131 3.19
135.5 8520 117 3.04
104.0 10600 94 2.97
6 = 52.5°
90.0 11800 85 2.91
(diamagnetic correction = -300 x 10~6 c .g.s. units)
Nd(HgSal-1,3pn)2(N03), 295.0 5230 191 3.51
262.5 5710 175 3.46
231.0 6320 158 3.42
198.5 7020 142 . 3.33
166.5 7850 127 3.23
135.0 9120 110 3.13
104.0 10830 ' 92 3.00
O II G
\
O
O
90.0 12010 83 2.94
(diamagnetic correction = -381x 10_ 6 c .g.s. units)
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Table 3.1 (continued)
Compound T(°K) i°6 x a
-1
X A y e(3.M.)
Nd(H2sal-1,6hex)2(N0 296.0 5050 198 3.45
262.5 5770 183 3.39
230.0 6000 167 3.33
198.0 6920 145 3.31
166.5 7810 128 3.23
136.0 9220 109 3.17
104.0 11.120 9° 3.04
<D U
O
90.0 12380 81 3.00
(diamagnetic correction = -45 1x10~6c•g.s. units)
Nd(H2sal-1,6 hex) 295.5 5570 180 3.62
262.0 6280 159 3.62
230.0 7100 140 3.61
199.0 8210 122 3.61
166.0 9030 111 3.47
135.5 10350 97 3.35
104.0 12890 78 3.28
e = 42.5°
90.0 14230 67 3.27
(diamagnetic correction = -695 x 10"6 c .g.s. units)
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Table 5.1 (continued)
Compound T(°K) 106x - 1
Nd(H2salen)2(N05)5.2H20 295.0 5820 172 3.70
262.5 6480 154 3.68
230.5 7540 136 3.67
198.5 8160 123 3.60
166.5 9160 109 3.49
.135.5 10410 96 3.36
104.0 11880 84 3.14
88.0 13830 72 3.11
e = 62.5
(diamagnetic correction = -384x10~uc.g.s. units).-6
Nd2(H2salen)^(NO^)^ 295.5 5300 189 3.53
262.5 5900 169 3.52
230.5 6500 154 3.46
198.5 7220 138 3.39
166.5 8100 123 3.28
135.0 9340 107 3.17
104.0 11260 89 3.06
90.0 12300 81 2.98
6 = 62°
(diamagnetic correction = -282x10~uc.g.s. units)-6
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Table 5.1 (continued)
Compound T(°K) 106x XA X A P.e(B.M.)
Nd(H2sal-1,2pn)2Cl,.H20 295.0 5880 170 3.72
262.0 6580 152 3.71
231.0 7330 136 3.68
198.0 8530 117 3.67
166.5 9680 103 3.59
135.5 11030 91 3.45
104.0 13180 76 3.31
0 = 50°
88.0 15430 65 3.29
(diamagnetic correction = -407x 10“6c .g.s. units)
Hd(H2sal-1,3pn)2Cl, .HgO 295.0 6150 163 3.81
262.0 6930 144 3.81
230.0 7580 132 3.73
198.0 8560 117 3.68
166.5 .9920 101 2.63
135.0 11610 86 3.54
104.0 13690 73 3.37
CD II -f* o
90.0 15060 67 3.29
(diamagnetic correction = -407x 10~6c .g.s. units)
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Table 5*1 (continued)
Compound T(°K) __s
.
o C
T
\
X >
-1
A A v e(B.M.)
NdtH^sal-l^hexJgBr^.HgO 296.0 5030 199 3.45
262.5 5590 179 3.42
231.0 6240 160 3.39
199.0 6890 145 3.31
166.5 7980 125 3.26
135.5 9500 . 105 3.20
103.0 11730 85 3.10
0= 4-2.5°
90.0 13000 77 3.05
(diamagnetic correction = -513x 10"6 c .g.s. units)
Hd(H2sal-1,6hex)3Cl5 .H20 295.5 5200 192 3.50
262.5 5730 174 3.47
230.0 6490 154 3.45
199.0 7190 139 3.38
16610 8520 117 3.36
135.0 10240 98 3.32
103.5 12400 - 81 3.20
90.0 13960 72 3.17
0 = 32.5°
—  6
(diamagnetic correction = -676x10” e.g.s. units)
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Table 5.1 (continued)
Compound T(°K) 1°6X A
-1 ye(B.M.)
Nd(H2salen)2Br^.2H20 296.5 5380 166 3.53
262.5 5900 170 3.52
231.5 64100 160 3.45
199.0 7450 134 3.44
166.0 8590 116 3.37
135.5 10350 . 97 3.35
103.5 13100 76 3.29
CD II ro VJ
l o
90.0 14550 68 3.23
(diamagnetic correction = -432 x 10”6 c .g.s. units)
Hd(H2sal-1,6hex)2Cl5 .2H20 295.5 5770 173 3.70
262.5 6210 159 3.63
230.0 6810 146 3.56
199.0 7650 131 3.50
165.0 9150 109 3.47
135.5 10650 94 3.40
104.0 13650 73 3.36
88.0 15520 65 3.30
6 = 32
(diamagnetic correction = -492x10”^c.g.s. units)
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Table 5.1 (continued)
Compound T(°K) i o S A
-1
X A %(B.M.)
Nd(H2salen)2Cl_.2H20 295.0 6060 165 3.78
262.5 6750 148 3.76
230.0 7650 131 3.75
198.0 8540 117 3.68
166. 5 9640 104 3.58
135.0 11090 90 3.46
138.1 13840 72 3.39
CD n 00 o
90.0 15420 65 3.33
(diamagnetic correction = -397 x 10- 6 c .g.s. units)
Nd(H2salen)2Cl^.H20 295.0 6030 166 3.77
262.0 6610 151 3.72
230.0 7200 139 3.63
198.5 8130 123 3.59
166.5 9190 109 3.50
135.5 10470 96 3.37
104.0 12460 80 3.22
88.0 13870 72 3.12
e = 62.5°
(diamagnetic correction = -384x10 e.g.s. units)
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Table 5.1 (continued)
Compound T(°K) 1°6 x a
-1
X A u e(B.M.)
Nd(H2sal-1,3pn)2(N05)3 •2H20 295.0 5030 199 3.45
262.0 5630 178 3.43
230,0 6430 156 3.43
198.0 7430 135 3.43
166.5 8430 119 3.35
135.0 10430 96 3.35
104.0 12930 77 3.27
e = 20°
90.0 14230 70 3.20
(diamagnetic correction = -407x10“6c.g.s. units)
Nd(H2sal-1,3pn)2Br^.2H20 295.5 5260 190 3.52
262.5 5880 170 3.51
231.5 6560 152 3.48
199.0 7380 135 3.42
166.0 8340 120 3.32
135.5 9840 101 3.26
104.0 12430 81 3.21
0 = 25°
90.0 14340 70 3.20
(diamagnetic correction = -454x10"6c•g.s. units)
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Table 5.1 (continued)
Compound T(°K) 10 X A x A " 1  v e(B.M.)
Sm(H2sal-1,6hex)5Cl,.H20 296.0 930 1074 1.47
261.0 1000 991 1.43
231.0 1100 910 1.41
199.0 1150 871 1.34
165.5 1220 820 1.26
135.5 1290 ' 774 1.17
104.0 1340 746 1.05
90.0 1440 696 1.01
—6
(diamagnetic correction = -676x10 e.g.s. units)
Sm(H2sal-1 ,2pn)2C3-3 .2H20 295.5 1500 667
262.0 1580 632
230.0 1630 614
199.0 1700 588
166.5 1760 568
135.5 1830 547
104.0 1880 532
90.0 1980 505
—6(diamagnetic correction = -420x10 e.g.s. units)
1.88 
1.82 
1.73
1.64
1.53 
1.41 
1.25 
1.19
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Table 5.1 (continued)
Compound T(°E) 1°6 x A X ~ 1X A  ^p (b .m . )
Nd2(H2sal-1 , bhexJ^Clg.H20 295.0 5290 189 3.53
262.5 5860 170 3.50
230.0 6600 151 3.48
198.0 7500 133 3.45
166 . 5 8730 133 3.45
135.5 10420 90 3.40
104.0 13070 77 3.29
90.0 14730 68 3.25
o00CMIICD
(diamagnetic correction = -380x10~6c.g.s. units)
Sm(H2salen)2Cl^ 293.5 1090 917 1.60
261.0 1170 857 1.56
230.0 1220 816 1.50
200.0 '1260 791
C
vi•
^—
170.0 1300 768 1.33
135.0 .1340 746 1.20
105.0 1380 725 1.07
88.0 1400 715 1 .00
(diamagnetic correction = -370x10~^c.g.s• units)
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Table 5.1 (continued)
Compound T(°K) 106 x a -1X A v (b .m , )e
Sm(H2sal-1,3pn)2Cl3 .2H20 295.5 900 111 1.45
262.5 930 107 1.39
230.0 970 103 1.32
199.0 990 101 1.24
167.0 1000 998 1.15
135.0 1040 946 1.05
105.0 1050 948 0..94
90*0 1090. 918 0.88
__ r
(diamagnetic correction = -420x10~ c.g.s= units)
SmgCH^sal-l,2pn)^Clg 295.0 960 1044 1.50
262.5 980 1016 1.43
231.0 1020 978 1.36
198.5 1060 943 1.29
166.5 1100 910 1.20
135.5 1140 879 1.10
104.0 1180 850 0.98
90.0 1200 832 0.92
(diamagnetic correction = -312x10~^c.g.,s. units)
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Table 5.1 (continued)
Compound T(°K) 1 0 6 x a
-1
X A v e(B.M.)
GdCl^sal-l,6hex)^Cl^.H^O 295.0 27930 35.8 8.11
262.0 31770 3 U 7 8.11
231.0 35150 2 8,. 4 8.06
198.0 41440 24.1 8.10
166.5 78660 20.5 8.05
135.0 59790 16.7 8.03
104.0 77250 12.9 8.01
o II' O O
89.0 89520 11.7 8.00
(diamagnetic correction = - 6 7 6 x 1 0 - 6 c .g.s. units)
Gd(H2salen)2(N05)3 296.5 25680 39.0 7.81
262.5 28400 35.2 7.80
230.0 33020 30.3 7.80
198.0 38460 26.0 7.80
166,0 45810 21.8 7.79
134.0 56690 16.6 7.79
102.0 73440 13.6 7.75
88.0 85520 11.7 7.75
6 = Ou
(diamagnetic correction = -358x10”uc.g.s. units),-6
Table 5.1 (continued)
Compound T(°K) 1°6X A
-1
x A vi e(B.M.)
Gd(H2sal-1,3pn)2(N0_)3 .H20 296.5 25900 38.6 7.95
260.0 29670 33.7 7.95
230.0 33640 29.7 7.95
199.0 38670 25.8 7.94
165.0 47220 21.2 7.94
135.5 58470 17.1 7.95
102.0 76650 13.0 7.90
C
D II o o
88.0 89070 11.2 7.90
(diamagnetic correction = -394x10~6c•g.s. units)
Gd2(H2salen) 295.0 26450 37.8 7.88
262.5 29200 34.2 7.82
231.0 33060 30.2 7.81
199.0 38370 26.0 7.81
166.0 45970 21.7 7.81
135.0 56680 17.6 7.82
104.0 73120 13.6 7.80
90.0 84160 11.9 7.78
6 = 0°
(diamagnetic correction - -294x10”^c.g.s. units)
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Table 5.1 (continued)
Compound T(°K) 106x A
-1
x A
Gd(H2sal-1,2pn)2(N03)3 .H20 296.5 26500 37.7 7.93
264.5 29100 34.4 7.85
230.0 33330 30.0 7.83
200.0 38200 26.1 7.82
166.5 45960 21.7 7.82
135.0 56820 17.6 7.83
104.0 72870 13.7 7.79
® 11 o o
88.0 86320 11.5 7.79
(diamagnetic correction = -394x 10"6c.g.s. units)
Gd(H2sal~1,2pn)2Cl3 .2H20 295.0 26800 37.3 7.95
262.5 30080 33.2 7.94
230.0 34000 29.4 7.91
198.0 39250 25.5 7.90
166.5 46330 21.6 7.85
135.0 58390 17.1 7.92
104.0 75110 13.3 7.90
® II o o
90.0 87100 11.4 7.90
(diamagnetic correction = -420x10_6c.g.s. units)
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Table 5.1 (continued)
Compound T(°K) 106X a
X  A ~ 1
^ e(B.M.)
Gd(H2sal-1,3pn)2Ci5 .2H20 295.0 27370 36.5 8.03
262.5 30710 32.5 8.02
231.0 34250 29.2 7.95
198.0 39520 25.3 7.90
166.5 46300 21.6 7.85
135.0 57030 17.5 7.84
104.0 73520 13.6 7.82
ooI!©
90.0 86480 11.8 7.80
(diamagnetic correction = -420x 10“6c .g.s. units)
HO2 (H^salen^Clg 295.5 42470 23.5 10.01
262.0 47900 20.8 10.02
230.0 54540 18.3 10.01
198.5 62960 15.9 10.00
166.5 74490 13.4 9.96
135.5 90290 11.1 9.90
104.0 115120 8.7 9.78
CD II O O
90,0 132690 7.5 9.77
(diamagnetic correction = -295x 10_6o .g.s. units)
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Table 5.1 (continued)
Compound t (°k ) . 106x A -1x A u e(B.M. ’
Ho(H2sal-1,2pn)2Cl5 .H20 295.0 46640 21.4 10.45
262.0 51960 19.3 10.44
230.0 58560 17.1 10.38
198.0 67920 14.7 ' 10.38
166.5 792a) 12.6? 10.27
135.5 96980 10.3 : 10.25
104.0 123860 8.1 10.15
90.0 138090 7.2 9.97
6=12.5°
(diamagnetic correction = -407xlO~6c.g.s. units)
Ho(H2sal-1,3pn)2Cl,.H20 296.0 42010 23.8 9.98
262.5 47190 21.2 9.95
230.0 53940 18.5 9.96
198.0 62590 16.0 9.95
166.0 74630 13.4 9.95
135.0 91430 10.9 9.93
104.0 115650 8.7 9.81
' 90.0 132870 7.5 9.78OoIICD
(diamagnetic correction = -407x10-6e.g.s. units)
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Table 5.1 (continued)
Compound T(°K) 1°6X A
-1
x A li e(B.M.)
Xb(H2salen),Cl6.H20 295.5 7140 140 4.11
262.5 7980 125 4.10
250.0 9100 110 4.09
199.0 10190 98 4.02
166.5 11340 88 3.89
155.5 13230 76 3.79
104.0 16170 62 3.67
ooI!CD
90.0 18380 55 3.63
(diamagnetic correction = -30Sx;10-6c .g.s. units)
Yb(H2salen)2(N0 ) 295.5 8730 115 4.54
262.0 9810 102 4.53
230.0 10920 92 4.48
199.0 11900 84 . 4.35
166.0 13370 75 4.22
135.0 16310 61 4.19
104.0 18760 53 3.95
990.0 19740 50 3.77
e = 75
(diamagnetic correction = -359x10 uc.g.s. units)-6
Table 5.1 (continued)
T(°K) 106 x A
-1
X A v e(B.M.
295.0 7770 129 4.28
262.5 8270 121 4.17
230.0 9180 109 4.11
199.0 10450 96 ' 4.07
166.0 12060 83 4.00
135.5 14330 ; 70 3.94
104.0 16610 60 3.72
90.0 17870 56 3.59
o O
1 <J\ o .g.s. units)
296.5 7-440 143 4.20
262.5 8240 121 4.16
231.0 9070 110 4.10
199.0 10420 96 4.07
166.5 11850 85 3.97
135.5 14390 70 3.94
104.0 17170 58 3.77
90.0 18800 53 3.68
Compound
Yb(H2 sal-1 ,2pn)2Cl5-.2H20
Yb(H2sal-1,6hex)2Cl3
e = 57.5°
(diamagnetic correction = -466x10 c.g.s.. units)
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Table 5*1 (continued)
Compound T(°E) 1°6 XA
-1
X A y e(B.M.)
Yb^HgSal-l#6hex)2(N0^)^ 295.5 8210 122 4.40
262.5 9100 110 4.37
230.0 10220 98 4.34
199-5 11570 87 4.30
166.5 13380 75 4.22
135-5 15940 63 4.15
104.0 20000 50 4.08
90.0 22320 45 4.00
6 = 30
(diamagnetic correction = -45lx10-uc.g.s. units)-6
Pig. 5.1
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120
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T(°K)
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Fig. 5.1
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Fig. 5.1
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Pig. 5.1
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Pig. 5.1
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Pig. 5.1
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Pig. 5.1
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Pig. 5.1
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Fig. 5.1
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Pig. 5.1
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Pig. 5.1
Ho(H9sal~1,2pn)9Cl.,.H90
20 -
-8
12 -
8 - -4
100 150
0Tr\
200 250 300
- 271 -
Fig. 5.1
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Fig. 5.1
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6 s1 General Conclusions*
( 1 1 2 ')
Dutt and Nagv 'have pointed out that in the prepara­
tion of lanthanide Schiff base complexes, if the addition of 
the ligand to the solution of the metal ion salts (lanthanide 
nitrate) is too fast in the absence of any base,e.g. sodium 
hydroxide, a yellow precipitate may appear which dissolves 
in the solution with difficulty and may prevent the isolation 
of products containing an ionised Schiff base. Therefore the 
removal of this precipitate from the solution is necessary.
We have found that these yellow precipitates are adducts 
of the lanthanide ions with un-ionised Schiff bases, which 
are not soluble in common organic solvents.
Schiff bases such as I^salen with p K ^  = 8.85 (^^) 
pK&2 = 11.04 cannot be deprotonated in the presence of lantha 
nide metal ion salts only, e.g. with LnC1^.6H20 and ln(N0^)^. 
6^0, since these provide pH - 2 - 3 in ethanolic solution.
Therefore, we took advantage of this stability of phe­
nolic protons of the Schiff bases and, in the absence of any 
alkali, we synthesised several adducts of un-ionised Schiff 
bases with lanthanide halides and nitrates.
Elemental analytical data showed that the species synthe 
sised have the formulae Ln( L ^ X ^ . m ^ O  ' (n=1,2 ,3 ,and 3/2),
Ce( 1 anci CeIl2 an<i Ca( L )nX2 .insolvent (n=1,2)
where 1 and l! represent the two forms of the Schiff bases.
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 ^12 4- V C11 Q'iVery recently Agarwalv J and Condorelli ■ ' have reported
the isolation of several complexes of the lanthanide ions
with un-ionised Schiff bases which provide further examples
of this type of complexes.
In the present work the species synthesised have been 
characterised by means of elemental analysis and a range of 
physical measurements, and on the basis of our observations 
we draw the following conclusions:
(a) X-ray studies showed that the different types of com­
plexes obtained have different diffraction patterns which 
demonstrates the existence of different compositions. The 
results are not consistent with simple mixtures of metal ion 
salt and ligand or with contaminated samples of a single 
Schiff base species.
(b) On the basis of the infra-red spectroscopy the ligands
showed strong intramolecular hydrogen bonding absorbing
-1between 2600 - 2700cm . The free OH stretching frequency
-1was observed at 3500 - 3600cm in the spectra of some of 
the metal complexes. This was supported by comparison with 
the spectra of the ionised Schiff base complexes in which 
neither the intramolecular hydrogen bonding nor the free OH 
stretching frequency can be observed which confirms that the 
ligands are un-ionised in the former complexes.
The displacement of the C=N stretching frequency towards 
the higher frequency and the small shift of the C-0 stretching 
vibration of the free Schiff bases upon complexation led us
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to suggest the coordination is through the azomethine nitrogen 
atoms only. Therefore, the ligands which are known to he 
potentially tetra-dentate (I) acted as bi-dentate donors 
in the un-ionised form. Possible structures are suggested 
below. The phenolic groups may be removed from the vicinity 
of the metal ion by rotation of the phenyl rings as shown 
below (II)
(X)
OH ATT
(II)
- 277 -
IR spectroscopy has also showed the presence of nitrate 
groups of C2V symmetry which was indicative of coordinated 
nitrate groups in these series of complexes. Because of the 
over-whelming crystaliographic evidence for lanthanide nitrate 
complexes it is likely that the nitrate groups are bi-dentate 
in our complexes.
The infra-red spectra of the ionised Schiff base complexes
with tetravalent cerium have been compared with that of
Na^salen (sodium salt of B^salen) which showed the normal
position of the C-0 stretching frequency in the ionised
ligand. Therefore the displacement of the C=N and C-0~
stretching frequencies observed in the ionised Schiff base
complexes (CeL^) were in the same sense to those found for
(1 2 2)
compounds of known structures, e.g., U(salen)2 and
(1 2 2)
Th(salen)2 * Therefore, the coordination number of the 
4+Ce ion is likely to be 8 in our complexes.
It should be noted that wherever we were dealing with 
metal complexes containing un-ionised Schiff bases, the infra­
red spectra of the complexes were compared with those of the 
free Schiff base, but in the case of the ionised Schiff base 
complexes the spectra were compared with that of the sodium 
salt of the Schiff base.
(c) By comparing the far infra-red spectra of the chloride 9 
bromide, and nitrate complexes the possibility of coordinated 
halide in some of the lanthanide complexes has been suggested
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and the position of the Ln-Cl, In-Br, and Ln-0 (oxygen from 
nitrate groups) stretching frequencies have been tentatively 
assigned. Because of the similarity of the band position of 
the ligand and the metal complexes (except for those mentioned 
above) no significant absorption band was found to lead us 
to any reliable assignment for the In-N stretching frequency.
(c) By comparing the hypersensitive transitions of the Nd^+
ion in the Schiff base complexes with those of the ion in
compounds of known structure helped us to deduce coordination
numbers-10 - 12 for the nitrato complexes and 8 - 9 for
3+halide complexes for the Nd ion in the Schiff base com­
plexes. The results were consistent with the results obtained 
from IR and far IR spectroscopy.
Furthermore, X-ray powder photography showed the exis-
3+ 3+tence of isomorphism in some cases*for the Nd and la
complexes which suggested the same coordination numbers for
these “two metal ions in the Schiff base complexes. This
was expected because of the similarity between the ionic
3+ 3+radii of the Nd and La ions. Since isomorphism has not
3+ 3+been observed for Yb complexes with the corresponding Nd
3+ 3+or iia complexes, the coordination number for the Yb
complexes may well be lower than for La^+ or Nd^+ . This
result would have been expected.
(e) The magnetic susceptibility measurements showed normal 
behaviour for the lanthanide ions; we could not classify 
the different stoichiometries by this method.
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(f) Unlike the ligands, which were freely soluble in a 
variety of organic solvents, the lanthanide Schiff base 
complexes dissolved only in dimethylformamide (IMF) and 
dimethylsulphoxide (DMSO) and were considerably dissociated.
Some of the results of conductance measurements are given 
below:
DMF ( A ) DMSO ( A ) Concen-
ohnT^mol"^ cm  ^ ohm ^mol^cm  ^ tration(M)
Sm(H2salen)2Cl5 97.5 78.8 0.001
Ia(H2salen)Cl5 .H20 126.7 68.2 0.001
La(H2sal-1,3pn)2 (N05)5 . 129.6 - 0.001
.2H20
After sometime, the ligands were precipitated and the 
chloride was determined gravimetrically (by silver nitrate)
This is in marked contrast with the results obtained from 
IR and far IR spectroscopy for the solid compounds since the 
nitrato groups and some of the halide were shown to be 
coordinated. It has been pointed out that DMSO and UMF are 
good donor ligands and can replace coordinated halide and 
nitrate
(g) Calcium reacted with the Schiff bases in the same way as
for the lanthanide ions and the precipitates formed almost
as easily except with the bidentate Schiff base, N-salicyli-
2+deneaniline, which did not form any complexes with Ca ion ' 
and the ligand was separated from the ethanolic solution.
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The IR spectra of the calcium Schiff base complexes are
very similar to those of the corresponding lanthanide complexes
showing that coordination of the Schiff bases is through
the azomethine nitrogen atoms only. IR spectra also showed
that in the 1:1 calcium nitrate complexes the nitrate group
are coordinated but not in the 2:1 complexes. Far infra-red
indicated the presence of the non-coordinated halide in
calcium-halide Schiff base complexes. Thus the coordination
2+
number of the Ca ion is suggested to be 4 - 6 in the 
Schiff base complexes which is in contrast with those found 
found for the lanthanide Schiff base complexes (12 -8).
This would be expected because of the different cationic 
charges associated with the ions.
Magnesium failed to form complexes with the unionised
Schiff bases and this might be due in part to the relatively
24-small ionic radius of the Mg ions with respect to the bite 
of the ligands.
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